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OUTSTANDING FEATURES OF REPORT 
OF THE CALIFORNIA HIGHWAY STUDY 


HE report of the Bureau of Public Roads on the 
study of the California highway system, under- 
taken in July, 1920, at the request of the California 
commission, was published in March by the commis- 
sion. The report is divided into three parts, headed 
respectively, “Data,” ‘‘Discussion,’”? and ‘Conclu- 
sions.’ It is illustrated with numerous photographs 
and diagrams, which, however, represent only a small 
part of the 7,500 photographs and other data, which, 
it is stated, are on file in the Bureau of Public Roads. 
The foreword by Thomas H. MacDonald, Chief of 
the Bureau of Public Roads, follows: 


An adequate review of the results which have been 
secured by the development of any system of State 
highways must follow to-day an uncharted course. 
The essentials and nonessentials of such a task have 
not yet been sufficiently classified to avoid the gather- 
ing, on one hand, of material which modifies only 
slightly the final conclusions, or, on the other, to insure 
that all vital data and information is secured. 

The California study is the most comprehensive 
study of results obtained through the development of 
a State highway system that has yet been undertaken. 
The work of this study has followed two principal 
lines; one that includes those questions that are engi- 
neering in character, and the other those that are eco- 
nomic in character. These two groups of questions 
are so interrelated and so interdependent that they 
can not be separated. All road improvement is a 
means to an end—improved transportation facilities. 
The proper development of such facilities ought to be 
based on both the engineering and economic considera- 
tions involved. But the practical application of these 
considerations is always modified by the attitude of 
the public. 

For the purpose of this study, the principal operation 
was to classify all the pavement laid. This senor 


tion covered 1,262 miles, from which a complete record 


of condition of all concrete pavement for each one- 
tenth mile resulted and is supported by 7,500 consecu- 
tive photographs filed in the bureau. It is recorded 
completely by diagram. Associated with this classifi- 
cation there were drilled 638 cores through the pave- 
ment at intervals on 800 miles of the highway between 
Red Bluff and San Diego; 481 of these cores were 
tested and all were carefully examined and measured. 
A large number have been photographed for this report. 

Twleve special, intensive studies of failed portions of 
the road surface resulted in a great volume of data 
which can only be summarized in the report, but which 
clearly establish in practically every instance the na- 
ture and cause of the defective pavement. 

In connection with the many selected special studies, 
soil moisture determinations were made for cross sec- 
tions of the road by borings at close intervals. Tests 
for moisture content, moisture equivalent, and for 
shrinkage were made at the laboratory of the University 
of California. 


A complete classification of the subgrade soil under 
all the pavement on the State highway system was 
made by soil experts and plotted on the pavement 
condition diagrams. Below each concrete core, sam- 
ples of soil were also removed and tested. 

A State-wide traffic census was taken at 103 stations 
for an equivalent 16-hour week day, and many Sunday 
and supplementary counts were also taken. This 
traffic record revealed the amount and character of 
travel for the summer interval on the State highways. 
It has resulted in a set of traffic diagrams from which 
the total annual duty of the California highway system 
has been estimated, and also the corresponding revenue, 
or the operating income to the community. 

Supporting the traffic count, extensive field studies 
were made of the producing agricultural areas for nine 
groups of agricultural crops and the peak load in tons 
and the peak interval in time for these crops was deter- 
mined. Thisstudy covered themain valleys of the State. 

During the progress of field investigation there were 
carried on at Sacramento a complete audit and analysis 
of all the books of the State highway commission office. 
This work resulted in a satisfactory and complete dis- 
tribution of all costs of surveying, construction, engi- 
neering, and maintenance, and produced summaries 
that account for practically every dollar made available 
for the use of the commission. 

Painstaking efforts have been made to secure all the 
data necessary to present the conclusions impartially 
and uncolored. There is much of value in the record 
to be made available after more research. 

Within the past five years an unprecedented demand 
has been padb upon the highway administrator and 
highway engineer to produce a large mileage of eco- 
nomical and serviceable highways. The extent to 
which he has produced this combined result is the 
true standard of measurement of his achievement. 

Let the present traffic service rendered by the State 
highways of California, conservatively estimated, we 
believe, at 400,000,000 vehicle-miles per year be mul- 
tiplied by any reasonable unit rate to indicate the 
present annual returns to the people on the total 
investment to date of about $42,000,000. 

Now turn to one paragraph from the report selected 
as the most vital to be repeated here: 

“The financial administration has been scrupulously 
honest and careful and the administrative and engi- 
neering costs have not been excessive, nor have final 
costs much exceeded the engineer’s estimates.” 

There should be no hesitation in going forward with 
confidence. 

The bureau gratefully acknowledges the cooperation 
and assistance extended by the Bureau of Soils of the 
Department of Agriculture, the Bureau of Standards 
of the Department of Commerce, the University of 
California, the California Highway Commission, and 
the highway engineer. 

The field studies and the preparation of this report 
were carried forward under the immediate direction of 
Dr. L. 1. Hewes und T. Warren Allen, general inspectors 
of the Bureau of Public Roads. 


(3) 


After a short historical sketch the report discusses 
the systems designed and the organization of the 
department with a complete presentation of the neces- 
sary tax requirements under the three bond issues. 
It is pointed out that the State highway system reflects 
the system laid out by the old bureau of highways in 
1895, and is an excellent system of through trunk and 
market roads. The statement of the condition of the 
funds shows receipts of $42,007,330.07 and expendi- 
tures to July 1, 1920, of $41,790,884. 

The report shows that of the total system of 5,360 
miles laid out under the three bond issues, there have 
been graded and completely paved 1,345.4 miles and 
377.1 miles have been graded and not paved. A length 
of 319.4 miles was in process of grading and not to be 
paved, and 206.8 miles were still in process of paving 
with Portland cement concrete, all on July 1, 1920. 
Of the paving 765 miles is Portland cement concrete 
unsurfaced, and 480.7 miles is surfaced with three- 
eighths inch of bituminous material and pebbles; 53.9 
miles of concrete have been surfaced with Topeka and 
4.2 miles with Willite. There are 33.8 miles of oil 
macadam. The total actually constructed to date is 
1,930 miles. 

There is a tabulated statement, arranged by division, 
routes, counties, and sections, showing as of July 1, 
1920, details of type and costs of survey and construc- 
tion. This table, covering all the contracts and all 
the day-labor jobs since the beginning of work in 1912, 
was made from an analysis and audit of the commis- 
sion’s books at Sacramento. It is shown that the total 
overrun on all construction was only 6.24 per cent 
above the engineer’s estimate. The direct payment for 
labor and materials totaled to July 1, 1920, $30,986,871. 
On this construction the cost of surveys, engineering, 
and administration was 15.86 per cent. 

The report contains a detailed table of Federal-aid 
postroad construction which shows that there have 
been approved for construction 221.34 miles of con- 
crete pavement at an estimated cost of $5,081,562, 
135.26 miles of graded earth road at an estimated cost 
of $1,801,762, one bridge estimated to cost $285,493, 
and 4.08 miles of gravel road estimated to cost $37,136. 


There is a chapter on bridges and structures, with a 
detailed list of certain noteworthy and typical bridges. 

It is shown that the State has expended from the 
motor-vehicle fund for maintenance, improvements, 
and reconstruction $5,780,551, and that the overhead 
and indirect charges on this work approximate 19.2 
per cent, overhead alone 12.5 per cent. Tables of 
maintenance by types and divisions showing separate 
expenditures for general maintenance, improvement, 
and reconstruction are presented, also a table showing 
the detailed cost of construction and maintenance of 
oil-macadam roads. It is shown further that mainte- 
nance of the typical 15-foot by 4-inch concrete road 
costs $0.006 per square yard per year and for concrete 
constructed with three-eighth-inch oil top $0.009 per 
square yard per year on an average. 


PRESENT CONDITION OF CONSTRUCTED ROADS. 


The classification of the condition of the existing 
concrete pavement in the State for each one-tenth 
mile divides the roads into the following six classes: 

(A) Pavement in which the plainly visible transverse 
cracks do not exceed the normal number expected of 
a pavement constructed without expansion joints, 
and which has no plainly visible longitudinal cracks. 

(B) Pavement having more than the normal number 
of plainly visible transverse cracks or with some 
‘“‘crowfoot’’ cracks at the edges, or with both. 

(C) Pavement similar to classes A and B with one 
plainly visible longitudinal crack or with a consid- 
erable number of “‘crowfoot”’ cracks. 

(D) Pavement so cracked transversely and longi- 
tudinally that numerous slabs are formed of less 
area than in class C but that do not average less than 
about 50 square feet. | 

(EK) Pavement in which the plainly visible transverse 
and longitudinal cracks are so numerous that it is 
broken into slabs having areas less than about 50 
square feet but in which no general disintegration 
appears. 

(F) Pavement badly broken and with disintegrated 
portions. 


TABLE 1.—Showing all classified concrete pavement built by the State (surfaced and unsurfaced). 
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The field classification was 
made with State highway lay- 
out books in hand showing each 
section and with miles measured 
by an automobile odometer. 
The classification notes were 
supported by 7,500  photo- 
graphs taken at standard in- 
tervals of from one-tenth to one- 
half mile. From the field notes 
and the photographs, class- 
condition diagrams were devel- 
oped for each State highway 
route, county, and section, and 
these plots were again checked 
by field inspection with the di- 
agrams in hand. ‘The classifi- 
cation result is given by the 
summary in Table I which 
shows that 12.5 per cent of the 
pavement on July 1, 1920, was 
found to be in classes D, E, 
and F, and the balance, or 87.5 
per cent, in classes A, B, and C. 

The condition diagrams were plotted on a_hori- 
zontal scale of 2 miles to the inch and to an arbitrary, 
uniformly graduated, negative vertical scale showing 
five classes, B to F, inclusive, by tenths of a mile. 


OF THE, CORE. 


SAMPLE CONCRETE CORES. 


For the purpose of determining the condition of 
the concrete actually in place, sample cores were 
drilled from approximately 800 miles of the pavement. 
In all, 638 44 inch cores were drilled. One hundred and 
eighty-seven cores were drilled with the chilled-shot 
type of drill and the remainder with the diamond 
drill. The cores were shipped each night to the 
laboratory of the United States Bureau of Standards 
in San Francisco, where 481 were subjected to the 
following tests: 

1. Inspection, with record of appearance. 

2. Photographed. 

3. Measured. 

4. Planimetered to determine approximately the 
percentage of coarse aggregate. 

5. Water absorption. 

6. Weight per cubic foot. 

7. Compression. 

The results of the tests showed that the cores varied 
considerably in respect to the maximum size of coarse 
aggregate, its distribution, the coarseness and the 
grading of the sand. The depth of concrete varied 
considerably but im general ran greater than the 
specified 4 inches. Not much variation in density 
appeared. The photographs of the cores checked the 
notes on inspection. Measurements showed a sur- 
prisingly close average of 50 per cent coarse aggregate 
in both the 1:2:4 and 1:24:5 concrete. The 
absorption showed an average of about 14 per cent. 


CARDS IDENTIFY THE CORES. 
CATES THAT THE CORES WERE TAKEN ON ROUTE 4; THE DECIMAL FIGURE IS THE NUMBER 
THE LOWER FIGURE IS THE LABORATORY NUMBER. THE WHITE LINE 
ON THE SCALE INDICATES A HEIGHT OF 4 INCHES. 





SAMPLE CORES DRILLED FROM THE CONCRETE PAVEMENT. THE NUMBERS ON THE PLA- 


THE WHOLE NUMBER 4 IN THE UPPER NUMBER !NDI- 


The weight per cubic foot varied from 140 to 160 
pounds, with some marked deviation in a few instances. 
After compression test examination showed, with few 
exceptions, a sound coarse aggregate of crushed or un- 
crushed fragments of gravel. The report gives sample 
tracings of the coarse aggregate and a full table of the 
results of the compression tests, etc., and notes that 
while the average compression test when corrected for 
cylinders 9 inches high by 44 inches in diameter 
averaged well above 3,000 pounds there is a slight 
decrease in compression strength with the age of the 
concrete. 


SUBGRADE SOILS. 


In connection with the field classification of pave- 
ment, and with 12 special intensive studies, classifica- 
tion of the underlying subsoil was made with the 
cooperation of experts from the Bureau of Soils and 
the division of farm irrigation of the Bureau of Public 
Roads, all in the Department of Agriculture. The 
checked soil classification was plotted on the class- 
condition diagrams. The soil classification adopted 
was as follows: | 


1. Clay and adobe soils (includes clay, silty clay, 
clay loam, and clay). 

2. Marsh land (includes silt, marsh, and peat lands). 

3. Loams (include loam, clay-loam, silt-loam, and 
silty-clay loam). 

4. Sandy loam (includes coarse sandy loam, sandy 
loam, and fine sandy loam). 

5. Sand and gravel. 


The classification shows that approximately 70 per 
cent of the concrete pavement of classes D, E, and F 
occurs on soils of class 1. 

Numerous moisture content and moisture equivalent 
determinations and shrinkage tests were made on soil 
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PAVEMENT CLASSES. 
TOP, CEASS A; ROUTE 1, SONOMA COUNTY, SECTION C. 
MIDDLE, CLASS B; ROUTE 4, LOS ANGELES COUNTY, SECTION A. 
BOTTOM, CLASS C; ROUTE 2, SANTA BARBARA COUNTY, SECTION F, 





SOIL SAMPLES TAKEN FROM ROUTE 1, SONOMA COUNTY, 
SECTI@GN C. 


samples from various parts of the State at the labora- 
tory of the University of California and full tables of 
results are included in the report, also 13 cross sections 
of road plotted to show lines of equal moisture content 
in the subgrades. 


ECONOMIC AND OTHER STUDIES. 


The principal economic study consisted of a State- 
wide traffic census for one equivalent 16-hour day at 
103 stations. The blanks used for counting traffic 
was subdivided into nine classes, as follows: 

Light automobiles. 

Heavy automobiles. 

Busses. 

Trucks less than 1 ton with pneumatic tires and less 
than 2? ton with solid tires. 

Trucks from 1 to 24 tons with pneumatic tires and 
from 2 ton to 14 tons with solid tires. 

Trucks from 3 to 5 tons with pneumatic tires and 
from 2 to 3 tons with solid tires. 

Trucks, 5 tons and over, with pneumatic tires, and 3 
tons and over with solid tires. 

Horse-drawn vehicles. 

K’ixtra heavy vehicles. 

Traffic was counted from 6 a. m. to 10 p. m. and the 
results are presented in a table the summary of which 
is given in Table 2. It is seen that for week days the 
total daily number of all vehicles averaged approxi- 
mately 1,387, of which 2.7 per cent was horse-drawn 
traffic and 12.5 per cent truck traffic. The corre- 
sponding average Sunday traffic at 16 stations was 
2.267 vehicles, of which horse-drawn traffic was only 
nine-tenths of 1 per cent and truck traffic 4.4 per cent 
(see Table 3). The report shows interesting statistics 
concerning traffic, including hourly variation for week 
days and Sunday and weekly variation. 

A questionnaire was sent to 21,000 owners of solid- 
tire motor trucks which resulted in about 2,000 avail- 
able replies, of which complete analysis was presented, 
A systematic study of the motor-bus traffic was also 
made and shows a total of 103 operating lines with an 
average of 610,747 passenger-miles daily on the State 


highway system. There was also an investigation of 
the motor-truck freight-carrying lines and a field study 
of the agricultural traffic. From the data developed it 
is estimated that at a 5-cent saving per vehicle-mile on 
State highway pavement alone the income to the State 
of California during the calendar years 1919 and 1920 
has been $35,000,000. Complete text of the “ Dis- 
cussion”’ and “Conclusions”’ follows: 


TABLE 2.—Showing average 16-hour week-day traffic at 101 stations. 
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1. Less than 1 ton with pneumatic and less than ? ton with solid tires. 

2. One to 24 tons with pneumatic tires and ? to 14 tons with solid tires. 
3. Three to 5 tons with pneumatic tires and 2 to 3 tons with solid tires. 
4. Five tons plus with pneumatic tires and 3 tons plus with solid tires. 





TABLE 3.—Showing average 16-hour Sunday traffic at 16 stations. 
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BOND ISSUE, POLICY, AND SYSTEMS DESIGNED. 


The system of 4,500 miles laid out in 1896 by the old 
State bureau of highways reached every county seat 
and traversed the main valleys. It was. doubtless of 
value as a guide to the selection of the system of 5,560 
miles now building--and the present system visibly 
reflects the original one. 

Apparently the interval from 1896 to 1909 demon- 
strated the futility of attempting to create an adequate 
system of State highways by small special appropria- 
tions for selected roads. 

The State highway bond issue of 1909-10 had been 
preceded by an issue of $1,250,000 in San Diego County 
and of $3,500,000 in Los Angeles County and by high- 
way bond issues in Eastern States. The deferred serial 
type of bond chosen was in accord with the best prac- 
tice, but the term of 45 years for the longest serial is 
unnecessary and will require a corresponding excessive 
total interest payment. The legal provisions fixing 
both the nominal interest and the sales price proved 
embarrassing to the highway commission. There is 
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PAVEMENT CLASSES. 


TOP, CLASS" OTPROUT PE SOLANO COWNTY, SECTION A. 

MIDDLE, CLASS Ey ROUTE 7, SOLANO COUNTY, SECTION” D. 

BOTTOM, CLASS F; ROUTE 2, VENTURA COUNTY, SECTION B. 
38498—21——2 
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every evidence that the bonding principle itself at this 
period was sound. 

The highways act of 1909 created by implication a 
system of 3,082 miles, which was manifestly far in ex- 
cess of the possible construction with the fund of 
$18,000,000 provided. The influence of this discrep- 
ancy has been far reaching. Tne State highway com- 
mission stated in their final report, ‘‘ Notwithstanding 
the admittedly impossible task the commission en- 
deavored by the employment of every honorable expe- 
dient to obtain the greatest possible return in roads for 
the money.’”! 

Actually 1,300 miles, including graded roads, were 
built from the proceeds of the first bond issue. 

The system of roads laid out under and by the various 
laws is an excellent one and the portions built by the 
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proof of the advantages of improved roads by actual 
examples. 

The success of the initial policy of the commission 
with respect to type of road and distribution of con- 
struction is evidenced by the increased majority for 
the second bond issue of 1915; and the still larger ma- 
jority for the third issue of 1919 is evidence of its con- 
tinued success. 

The general policy of the commission, especially 
with respect to the order of construction, in attempt- 
ing to carry out the terms of the laws which condi- 
tioned the sale of bonds and implied or prescribed ex- 
cessive mileage to be built, must be judged by its pro- 
gressive reaction on the whole State rather than by 
comparing it with other alternative policies that may 
now be Cale to a State community enlightened 
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CROSS SECTION SHOWING SOIL MOISTURE CONTENT ROUTE 1, BUMeEOEDT COUNTY, SECTICieG, 


commission prior to January, 1917 (when the funds of 
the first bond issue were exhausted), appear, in general, 
to have been most needed. The distribution and the 
order of this first construction may have been condi- 
tioned by necessary policy. Under the legal restric- 
tion governing the sale of bonds it became necessary 
for various counties to buy the bonds, and naturally 
roads in those counties which bought took some prece- 
dence. Counties were also obliged to pay the interest 
charges on the funds used for highways within their 
boundaries, and some of the poorer counties were not 
easily able to do this. In order to make the bond 
money go as far as possible the commission also in- 
fluenced the various counties to furnish the necessary 
expensive bridges and rights of way, which action cre- 
ated some opportunity for preference in construction. 
In addition to these influences, which conditioned the 
distribution of construction, it was doubtless good pol- 
icy to acquaint as many voters as possible with the 





1 First Biennial Report of the Californ ig i | micas ie 31, 1918, 
p. 40. 





by the benefits of the improved roads. Such a possible 
alternative policy, for example, might have given pri- 
ority to the trunk road from Los Angeles to San 
Francisco. 

MANAGEMENT. 

The actual construction work of the commission was 
also conditioned by the highway act (a) in respect to 
its permanent character and (6) by the first implied 
order for more than 3,000 miles of highway. 

The commission obviously attempted to combine the 
element of durability in design with rapid extension of 
mileage. Although the money was theoretically avail- 
able after the fall election of 1910, no construction was 
started until August, 1912. There were, theoretically, 
sufficient funds to allow large planning of the work 
and the commission took advantage of the opportunity 
to conduct business on a big scale. They began work 
deliberately. 

In the fall of 1911 they made a comprehensive tour 
of the State with the highway engineer and established 
7 divisions. On the 21st of October, 1912, they signed 
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SOIL SAMPLES TAKEN FROM ROUTE 5, ALAMEDA COUNTY, SECTION 8B. 


contracts with the Natomas Consolidated of California 
(a corporation) for 500,000 tons of crushed cobbles at 
45 cents per ton, f. o. b., and also contracts with the 
Russian River Gravel Co. and the Grant Gravel Co. for 
175,000 tons of screened gravel at 274 cents per ton, 
f.o. b. These were low figures for concrete aggregates 
and the commission states: ‘‘Tended.to fix a low price, 
which had its influence on other producers of concrete 
ageregates.’’ ” 

Effective October 30, 1912, the commission secured 
from the Southern Pacific Railroad Co. a local freight 
tariff for commodities ‘‘consigned to and for use by 
the California Highway Commission” at substantially 
one-half the prevailing rates. These rates were ex- 
tended by tariff No. 742-C, one year later. 

In the purchase of cement the commission states: 
‘Under unwritten agreement the companies agreed 
with the commission that during the life of the work 
the price should not exceed $1.40 per barrel at the 
mills. This special price, far below the general mar- 
ket price, was made to encourage the use of cement in 
highway construction.’ The actual yearly purchases 
of cement to July 1, 1920, with net prices, are tab- 
ulated below: 











2 First Biennial Report of the California Highway Commission, p. 39. 
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After the first bond issue of $18,000,000 was ex- 
hausted, the cement companies felt that their obligation 
should end. 

When the railroads came under national jurisdic- 
tion during the war the preferential freight rates were 
abolished. On account of difficulty of delivery due to 
war conditions, which resulted in (valid) claims by the 
contractor and required stock piling at times, and due 
to the general rise in prices, the commission has tem- 
porarily discontinued to supply materials. They 
state that during the war the work progressed with in- 
creasing difficulty due to high costs, open-top car em- 
bargo, lack of bidders, restriction of the Capital Issues 
Committee and the United States Highway Council, 
but did not stop. The total of administration, engin- 


eering, and other overhead costs are very reasonable 
with the possible exception of the total overhead on 
maintenance. 


STANDARD PAVEMENT DESIGN. 


The standard design adopted for the surface was a 
concrete ‘‘base” of 4 inches with a three-eighths-inch 
wearing surface of asphaltic oil and pebbles. The con- 
crete mix was 1 : 24:5 and the width was 15 feet with 
3-foot earth shoulders. 

Although the concrete surface was doubtless origi- 
nally laid as a base, only approximately 43 per cent has 
been given the oiled surface. The average price of 
$1.14 per square yard obtained in the earlier years for 
the 4-inch 1:24:5 concrete, including grading and 
structures, was remarkably low. This price was equlv- 
alent to about $10,000 per mile of completed 15-foot 
road and compared very favorably with the similar price 
of $1.21 per square yard for oil macadam. Neither 
price includes either indirect changes or overhead. 
The corresponding average price for the 4-inch 1 : 2:4 
concrete laid since 1917 has been $1.84, which is also 
low. The concrete pavement has probably produced a 
smoother and more satisfactory riding surface than any 
of the other types incidentally laid. 

This concrete pavement is the thinnest that has been 
extensively laid in any State and would have been 
rejected as too thin in any State subject to winter 
frosts. It is 1 foot narrower than the minimum width 
of concrete roads built in most other States, and it is 
believed that under present conditions it is in general 
3 feet too narrow. The original mix of 1 : 24:5 was 
leaner than that extensively used in other States and 
the present mix of 1:2.:4 is not as rich as usual in 
several States, but it is believed to be adequate for the 
traffic. In this connection it is to be observed that 
California was the pioneer State in adopting concrete 
as the standard pavement for the State highway 
system. 

The function of the three-eighth-inch asphaltic oil 
wearing surface or “‘skin top” has not been completely 
determined. That it is not a necessary element of 
construction is evident from a comparison of the service 
and condition of bare and covered concrete which now 
exists. It was probably considered that the asphaltic 
oil top would (a) take the wear of travel from the con- 
crete, (6) protect to some extent the concrete base from 
impact, and (c) prevent the penetration of water 
through such cracks as occurred. It has not been 
observed that the bare concrete itself shows evidence 
of wear by rubber-tired traffic, which is now almost 
exclusively the traffic throughout California. Trucks 
with solid tires, however, cause disintegration at open 
cracks. It is doubtful if a three-eighth-inch bitumi- 
nous layer materially lessons impact. A comparison 
of the data presented in the tables of classification and 
in the summary class diagram shows that the condi- 
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tion of the pavement covered with asphaltic oil top 
compares favorably with the bare concrete, but it is 
noted that because of the presence of the asphaltic oil 
top the classification of the concrete base beneath was 
made difficult and in all probability was higher than it 
would have been had the concrete base been uncovered 
throughout. To some extent the asphaltic top bas 
sealed the concrete from water during the rainy periods 
and possibly it has thus prevented softening of the 
subgrade. It has cost about 8 to 9 cents per square 
yard and requires considerable repair and renewal, and 
under nonabrasive rubber-tired traffic it is not believed 
that it serves a purpose commensurate with its cost. 
It is more slippery in wet weather than is bare concrete. 

The 4-inch plain concrete of lean mix has proved in 
places very durable. There are 580 (distributed) miles 
built prior to 1917 that are of classes A and B. Under 
adverse conditions, particularly of soil, it is evident, 
however, that a pavement of such thinness has a very 
low safety factor and is inadequate. Its use has now 
been abandoned and a minimum thickness of 5 inches 
of reinforced concrete is required.? The original con- 
struction produced considerable rough surfaced con- 
crete which, as traffic developed doubtless materially 
increased impact. On the narrow 15-foot pavement 
loads passing each other necessarily traveled close to 
the edge. ‘‘The crowfoot” defects are doubtless due 
to such travel of trucks when the conditions were 
unfavorable. There is little, if any, decisive evidence 
that reinforcing introduced in the 4 or even in the 5 
inch concrete (particularly of the triangular mesh vari- 
ety) has proved effective on adverse soils or under 
combinations of adverse subgrade and traffic. Nor will 
the widening of a 4-inch pavement to 20 feet eliminate 
the ‘‘crowfoot”’ cracks which are observed on such 
width concrete, even in instances on sandy soil. 


ORIGINAL DESIGN NOW HAS LOW FACTOR OF SAFETY. 


The original concrete pavement design, in short, 
now has little or no factor of safety and under unfavor- 
able conditions has not withstood the internal stresses 
produced by traffic flexure and variations in tempera- 
ture and subsoil moisture. It is doubtful if such a 
safety factor can be introduced without considerably 
increasing the mass of concrete. It appears that under 
adverse soil condition there is considerable flexure with 


-traffic. 


To introduce sufficient steel to prevent flexure of a 
4-inch or even 5-inch pavement over a shrunken or wet 
subgrade, or even a loose sandy subgrade is probably a 
doubtful economy. The existing longitudinal cracks 
that are accompanied by any separation or by ‘‘fault- 
ing”’ along the crack, or by displacement, are evidences 
of subgrade displacement or settlement or uneven sub- 
grade shrinkage as a primary cause. Such defects are 
typical either with a single center crack or two longi- 
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3 General Orders, 421 and 427, May 1 and Sept. 15, 1920, respectively. 


tudinal quarter cracks and the soil moisture sections 
attached to the report appear to confirm this behavior. 

Some special treatment of adverse subgrade soils, 
particularly of class 1, will be necessary. Capillary ac- 
tion and high moisture retentiveness and violent 
shrinkage must be met. The amount of admixture or 
the thickness of protective layers of noncapillary and 
supporting soils is not yet known. A flat subgrade 
might help to a slight extent to counteract such de- 
fects by eliminating some transverse tension due to 
normal pressure. The crown of 2? inches in the present 
15-foot standard design may well be reduced is to 13 
inches and with a flat subgrade and an added 13-inch 
maximum thickness there is an added factor against 
center longitudinal cracks. 

By January, 1917, the State highway commission 
had constructed a total of 835 miles, mostly of 4-inch 
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TRAFFIC DIAGRAM. 


by 15-foot concrete pavement. They continued to 
build the same type except that the mix was increased 
to 1:2:4. In the light of the increase in thickness and 
the addition of reinforcing steel rods in 1920, it must 
now be inferred that the commission was again in 1917 
governed in policy by the necessity for increased mile- 
age. They say with reference to the second bond 1s- 
sue: “The untoward condition accompanying the 
World War soon set at naught the expectation of com- 
pleting the State highway system with the proceeds of 
the second bond issue and the commission for the second 
time confronting an impossible task is again forced to 
secure the greatest value receivable with the funds at 
its command.’ This bond issue was based upon esti- 
mate furnished from 1914-15 figures. 

It is noted that the standard plans do not provide 
for widening the pavement or curves, although some 
widening of the “lune”’ type has been done subsequent 
to construction. The cross sections are in general no- 
ticeably “shallow” or “tight” and require a minimum 
amount of excavation. However, in the northern part 
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of the State particularly, the climate appears to de- 
mand more pronounced drainage than has resulted 
from the present design. The sections do not provide 
for very pronounced superelevation, which 1s now fre- 
quently and successfully made one-half inch to 1 inch 
to the foot in many States. It is believed that the 
width of the main roads should be increased from the 
present width of 21 to 24 feet to a width of from 24 to 
30 feet, except in heavy cuts. The crowns, as has 
been noted above, could well be reduced to 1} inches 
even on a wider pavement. 


DESIGN OF GRADE, ALIGNMENT, AND SECTIONS. 


Many miles of the California State highways lie on 
flat valley floors and have excellent alignment. There 


are scores of other miles of good location including dif- 
ficult mountain roads. 


It is disappointing in the val- 
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ROUTE 1, SAN FRAMGISCO TO CRESCENT CITY. 


leys, therefore, to find any location defects such as 
right-angle section-corner turns and unnecessarily quick 
reverse curves in passing around railroad station sites 
and in the mountains and on steeper hills to encounter 
sharp, blind curves and unnecessary rise and fall. 
Compensation of grade has not in all cases been suffi- 
cient to prevent exceeding the maximum grade if in 
the future the radii are lengthened. | 

It appears that the defects in grade and alignment 
are due largely to a too strict adherence to a standard. 
That standard is not invariably economical. A 
bolder line with considerably increased grading be- 
tween Eckley and Martinez, for example, would 
probably not have added much to the first cost and will 
possibly ultimately have to be built, as this is the main 
route from San Francisco to Sacramento and is now 
rather dangerous. 

Other locations on hill and mountain roads evidence 
minimum standards that are too low for trunk lines 
under present traffic conditions. There are numbers 
of curves with radii of. 50 and 60 feet and grades of 7 
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PERCENTAGE OF CONCRETE PAVEMENT CLASSES, IN SURFACED 
AND UNSURFACED PAVEMENT. 

per cent that might have been eliminated or reduced 

at slight additional cost. In a few cases a radical 

change in line, though doubtless involving added 

right-of-way costs, would have been a great improve- 

ment. — 

It appears that valuable land has often been avoided 
and that a location that follows the topography closely 
has been the rule. These elements have at intervals 
impaired the alignment and grade. 

Although the first report of the commission states 
that travel can proceed at 30 miles per hour over the 
State highway pavement, it is not safe to travel at that 
speed at many points, partly because of the narrow 
pavement and lack of superelevation, but largely 
because radii are too short. It would appear that 
where the method of cutting the inside bank to improve 
sight has been adopted longer radii should have been 
selected in the first design. In the effort to economize 
in construction it appears that at times (for example on 
route 2 between King City and Santa Barbara) too 
many sharp vertical curves have been used in order to 
fit the ground. 


THE SPECIFICATIONS. 


The State highway commission has until recently 
adhered to the 1912 specifications with few changes. 
These specifications appear to have been rigidly 
enforced. The grading has been neatly finished and 
the subgrade evidently well prepared. The original 
lean concrete mix of 1 : 24:5 for a pavement should 
have been abandoned sooner and the permission of 6 
per cent of the fine aggregate passing a 100 screen 
allows a possible excessive clay content. The require- 
ments for coarse aggregate, with respect to size, grading, 
quality, and cleanliness, are, in the light of recent 
developments, somewhat inadequate. It is believed 
the specifications should also exclude the use of alka- 
line or salt water and permit larger aggregate than 24 
inches. The originally required rough finish has been 
abandoned, but the finish now obtained can be im- 
proved. ‘This rough finish was evidently for a pave- 
ment base but it shows through a #-inch top and, 
where not covered, has doubtlessly tended to increase 
impact. The old specifications for mixing until texture 
and color were uniform were evidently unsatisfactory 
and have been abandoned in favor of a 10-turn or 
1-minute mix. The requirements for curing by pond- 
ing or wet earth cover are excellent, but some checking 
due either to lax enforcement of this provision for 
curing or to a too wet mix has occurred. The omission 
of transverse joints appears to have been a justifiable 
innovation, particularly in a frostless country, but it 
is believed there should be exception to this practice. 
The present requirement for concrete mixture of 
1 :2:4 if laid dry it is believed should produce a good 
pavement for traffic preponderately rubber tired, but 
it is remarked that several States use a richer mix. 
Reinforcement has not been required until 1920, but 
the present specifications for about 42 pounds of one- 
half and three-eighths inch steel rods in the center 
plane per 100 square feet it is believed are excellent. 
The triangular mesh reinforcement used on Federal- 
aid project No. 1 was a failure due possibly to improper 
placement. 

With reference to Topeka specifications it is believed 
that an asphaltic oil of penetration not exceeding 70 
should be specified, especially where the temperatures 
exceed 100° F. and where traffic is also unusually 
heavy. 

With reference to oil macadam, eastern experience 
indicates that a surface treatment with the largest 
quantity of oil specified (1¢ gallons) will work into 
ridges and lumps under traffic. It may be inferred 
also that with oil paid for by the barrel there will be a 
corresponding tendency to use the maximum amount. 
Numerous cases of “viscosity waves”’ are observable 
throughout the State. 
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CLASS CONDITION DIAGRAM. ROUTE 2, MONTEREY COUNTY. THE VARIED HATCHINGIN THE UPPER RECTANGLE INDICATES DIFFER- 
ENCES IN THE SUBGRADE SOIL; SOLID BLACK REPRESENTS ADOBE AND CLAY AND THE OTHER MARKING SANDY LOAM. THE CLASS OF 
THE PAVEMENT IS INDICATED BY THE DEPTH OF THE RECTANGLES BELOW, ONE STEP REPRESENTING CLASS A PAVEMENT, TWO STEPS 


CLASS B, ANO THREE STEPS CLASS C, ETC. 


It is remarked that in general the specifications for 
concrete have, as shown by the tested samples, pro- 
duced good quality and that they have permitted an 
economic use of local material with a minimum of 
failures. 


FURTHER DISCUSSION OF POLICY OF EXTENSION OF 
EAGE. 

It is necessary in a critical analysis of the standard 
design to which the State highway commission has 
adhered for eight years, to make full allowance for the 
advantage in extension of services made possible by its 
use. That this concrete construction was begun as a 
base, however, must not be overemphasized since it 
was continued for 694 additional miles notwithstanding 
that supplementary surfacing for financial or other 
reasons was omitted. The design must be judged as 
above indicated with reference to the necessity to extend 
service and with respect to its continuance under the 
second bond issue, and in addition with reference to its 
upkeep and rts adaptability to supplementary construction 
in those cases where it fails owing to increase in volume 
or intensity of traffic or other causes. 

It is to be remarked that the total motor-vehicle 
registration in 1920 is about six times that of 1912, 
and the total truck registration is approximately six 
times the 1915 figures. The State highway commis- 
sion has as yet taken no State-wide traffic census. 

That the thin, narrow pavement and close grading 
enabled the rapid extension of very serviceable miles 
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of road is without question, and that the implied 
order in the legislative act of 1909 demanded exten- 
sion is equally evident. The voting of the second 
bond issue in 1915 and the third in 1919 might, 
in a sense, indicate such a capacity for road financing 
by the State as to deny the assumption that the State 
of California, at any time, was obliged to take chances 
with thin pavement in order to produce mileage, but 
it is undeniable that the very extension of the pave- 


ment developed sufficient sentiment to provide addi- 


tional money in 1915 and again in 1919. So it can 
not be said in 1920, in the hght of the fact that the 
great usefulness of the highway system is now proved, 
that the State would have realized its usefulness and 
provided funds in equal volume had not the system 
been extended as rapidly as it was and at some sacri- 
fice of either temporary or ultimate durability to in- 
creased mileage. 

There appears, however, to be a serious question, in 
the light of the fact that 70 per cent of the defective 
pavement of classes D, E, and F occur on clay and 
adobe soils, as to the wisdom of a policy which con- 
tinued the risk of a thin slab on such soils. It is un- 
deniable, however, that a large mileage of the same 
thin pavement and on adverse soil still remains of 
classes A, B, and C. We find, however, no conclusive 
final demonstration of the best construction on the 
adverse soils, and in that respect failure to vary the 
design on such soils in the past has postponed the 
solution of this problem. 

The concrete itself is shown by the tests of the sample 
cores and other samples to be uniformly good; its 
weight per cubic foot and absorption are practically 
constant and the amount of coarse aggregate also. 
The crushing strength averages well above 3,000 pounds 
to the square inch. There is raised by the diagram of 
crushing strength by years a question as to whether 
or not the concrete may be slowly deteriorating, but 
this condition has not been conclusively proved. More 
study of this phenomenon is required before any con- 
clusion can be reached. Certainly the slight indicated 
decrease in strength would not account for any of the 
adverse conditions found in the pavement. 

The question of initial extension versus durability 
of design is further discussed under the topic of eco- 
nomics with reference to the indicated operating in- 
come. There seems grave question, however, as to 


the decision in 1917 to continue with the construc- 
tion of pavement of a low factor of safety. By that 
time it would seem that the behavior of the design 
on adverse soils should have been known. Still the 
change to a mix of 1:2:4 appears to be reflected in the 
class conditions since only 48 miles of the construc- 
tion, beginning with 1917, has gone into classes D to 
F, inclusive, while 109 miles of construction prior to 
that time are in these classes. 

The adaptability of the pavement laid to supple- 
mentary construction when it fails is indicated by 
about 37 miles of this work already done with 30-inch 
conerete shoulders and 14-inch Topeka or other bitum- 
inous concrete surfacing and with “second-story” con- 
crete. None of this work is sufficiently old to prove 
its ultimate durability. At present it appears to be 
carrying traffic with success. The expense of exten- 
sive repairing of certain sections prior to such recon- 
struction has been necessarily heavy. Much of the 
work so far done has been on roads in such sections 
that the cross section has not been a serious item, but 
in many places the roadbed will have to be widened 
before such supplementary construction of shoulders 
and surface top can be done. 


PRESENT CONDITION OF CONCRETE PAVEMENT. 


With reference to the classification adopted for 
determining the present condition of concrete pave- 
ment, it is to be noted that for 4-inch concrete pave- 
ment class A is a rather abnormally high type. Pave- 
ment of class B, in the light of the present stage of devel- 
opment of concrete roads, appears to be a very normal 
type of concrete pavement; that is to say, transverse 
cracks at intervals of approximately 25 feet in a 4-inch 
pavement without jomts may be considered character- 
istic. Pavement of class C where no separation or 
faulting follows or accompanies the longitudinal cracks 
in a 4-inch slab is not unexpected. But where fault- 
ing occurs along the longitudinal crack or where there 
is a distinct separation of the two edges of the crack, 
an unusual condition is present and the pavement 
must be regarded as considerably impaired as a struc- 
ture. Such cases are not infrequent. Pavement of 
this class C may, however, and usually does, carry 
trafic without inconvenience. ‘‘Crowfoot” cracks at 
the edge of the pavement in any considerable number 
are distinct defects; they are not normal and are a 
characteristic type of defect, and, when followed by 
settlement or disintegration, impair the service of the 
road. Pavement of class D in which occurs many 
areas of concrete of about 50 square feet is decidedly 
defective, and when accompanied by settlement the 
service of the road is slightly impaired. Pavement 
of class I. is a failure, and the classification F usually 
indicates that the concrete itself was bad or that the 
design of the pavement was inadequate. Travel on 
this type F is in some instances quite difficult. 

The State laid 1,365 miles of concrete and 1,262 
miles were classified. Of that classified, 157 miles, or 
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12.5 per cent, was found in classes D, E, and F, but the 
degree of impairment is somewhat greater than the 
percentage, since the defective pavement is distributed 
throughout the State. The pavement in class F was 
largely concentrated, and less than 6 miles remain 
unrestored. The pavement in classes EK and D will 
require reconstruction or heavy repairs and supple- 
mentary construction in the immediate future; there 
are about 114 miles of these two classes. 


CONSTRUCTION AND MAINTENANCE. 


An analysis of construction and costs shows a rapid 
building of the important trunk highways to approxi- 
mate completion and at a very reasonable cost. The 
total average percentage of construction costs on both 
day-labor and contract work, chargeable to adminis- 
tion, engineering, and overhead, is 15.86 per cent, and 
is reasonable. In view of the recent rise in prices, 
the overrun of 6.24 per cent over the engineer’s esti- 
mate on final total payment is low. On day-labor jobs 
this corresponding percentage is higher, as expected, 
but it is not excessive. Analysis of the 20 jobs, both 
contract and day-labor, which presented the greatest 
apparent percentage of overruns shows adequate rea- 
sons in practically every instance for such overruns of 
the estimate. 

The accounts in the headquarters office on all work 
were found very complete and without discrepancies, 
and the cost figures here presented are accurate and 
official. | 

The direct charges for maintenance and improvement 
are found not to be excessive; the overhead and indirect 
charges, however, are apparently 19.2 per cent, over- 
head alone 12.5 per cent, which seems rather excessive. 
The direct control of maintenance of State highways 
by the State and the application of the net automobile 
revenues to this work is believed to be an excellent 
arrangement. The organization of maintenance under 
a headquarters maintenance engineer operating through 
the seven division offices appears adequate, though in 
seme instances rather important job work appears 
to require more competent direct supervision. 

There are at present under maintenance a total of 
3,293 miles of State-controlled roads. These include 
1,524 miles of earth and gravel roads, including special 
State roads built prior to 1912, and about 150 miles of 
oiled county pavement which the State has acquired 
from the counties. The expenditure for maintenance 
and improvement of earth and gravel roads is nearly 
one-third of the entire expenditure. 

Since the law now allows the automobile money 
accruing to the State highway commission to be used 
for “improvement” it is found that considerable 
gravel and other surfacing has been done from this 
fund. The complete analysis or tabulation of distrib- 
uted maintenance and improvement costs for each 
original project built, by types and by years, was not 
attempted, but the data for such analysis, while some- 
times confusing, exists in the headquarters records. 


Sufficient investigation of the maintenance books was 
made to determine accurately the unit costs and the 
summary costs. 

It appears that up to 1920 the commission has 
thought of necessary travel more in direct relation to 
the increasing maintenance costs rather than in respect 
to its influence on design of new construction. In this 
connection it 1s to be observed that in 1912 the increase 
of traflic could not be foreseen but it would appear that 
by the end of 1915 when 1912 registrations had nearly 


doubled that the 1918 registrations should have been 
foreseen. 


ADMINISTRATIVE AND ENGINEERING ORGANIZATION. 


The organization was highly developed. It has con- 
tinued with little change since 1911. During the war, 
in common with other State highway departments, it 
was impaired by loss of personnel and its work ham- 
pered by bad industrial conditions. It is not unwieldy 
and in form is unusually well adapted for the large scale 
operation it has conducted. The salary scale is good. 

The details of the engineering standards are carefully 
thought out and unusually complete. The standard 
plans and drawings are excellent, and the clear-cut pre- 
cision of all engineering operation makes for speed and 
efficiency. The cost of all overhead and administrative 
and engineering items on contract jobs has averaged, as 
mentioned, 15.86 per cent, which in view of the average 
low cost of construction per mile, is very reasonable, as 
is similarly 15.88 per cent on day-labor jobs. 

There is some evidence of a cramped condition in the 
functioning of the organization. It appears that head- 
quarters’ control is so complete that it may inhibit 
those reciprocal actions necessary for healthy growth. 
There is a good opportunity with such an organization 
to develop this reaction function and initiative of the 
engineering employees who are in first-hand contact 
with the job. With the extraordinarily efficient direc- 
tive functioning in all details, a corresponding return 
functioning of the organization through the division 
engineers to headquarters is desirable to develop new 
ideas with the extension of contact with the job. More 
initiative and authority would increase efficiency; thus 
the significance of the adobe reaction might have devel- 
oped sooner and better alignment could have been pro- 
duced by changes authorized during construction from 
reports by resident engineers. 

The procedure in advertising and letting of contracts 
appears to be satisfactory. Some of the early con- 
tractors were inexperienced in road work and _ lost 
money. This condition has frequently occurred in 
other States. There is some apparent delay in the 
completion of final payments due to the routing of the 


paper. 
CONVICT LABOR A SUCCESS. 


The State highway department officials report favor- 
ably regarding convict work. They bring out these 
points: 
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The inaccessible, dificult, inspiring. and remote 
regions selected proved of advantage as environment 
and climinated any criticism of competition with free 
labor or contact with undesirable “‘free’’ citizens. 

The kind of work selected—heavy grading and clear- 
ing and grubbing——has been well adapted for success. 

Unguarded, honor, and long-term convicts work best. 

Good camps and food pay, and the outdoor life is 
wholesome. 

There was difficulty at the start, due to dual admin- 
istrative control by the State prison authority and 
the State highway commission authority. This conflict 
was climinated, and with reward for good behavior and 
punishment for misbehavior, the work of the convicts 
has proved economical, especially during the war. 


ECONOMIC AND OTHER STUDIES. 


The one-day traffic at 103 stations on the State high- 
ways is an index of the use of the roads. This traffic 
day was distributed between August 7 and October 14 
and throughout the State, and the assumed daily aver- 
age total of 2,500,000 vehicle-miles should be repre- 
sentative for the summer interval, or say from June 1 
to November 1. The resulting total vehicle-miles of 
375,000,000 is 70 per cent on the State paved highways 
alone. There results 262,500,000 vehicle-miles indi- 
cated service by such paved highway. The operating 
income at 5 cents a vehicle-mile is $13,125,000. 

To this amount must be added an operating income 
for the service interval November 1 to June 1. This 
latter amount can not be based on a traffic figure, but a 
minimum figure would indicate a total annual operating 
income of $20,000,000 for 1920. 

For preceding years when there were less miles of 
State pavement and fewer vehicles the operating reve- 
nue can not be placed at a greater figure than the cor- 
responding per cent of this total. Thus in 1919 with 
an average of, say, 450,000 motor vehicles in use, or 
90 per cent of the 1920 average, and 93 per cent as much 
paved highway, there could not have been more than 
83 per cent as much corresponding operating income. 
If the figure is placed at $15,000,000 there results an 
indicated gross operating revenue in the last two years 
of $35,000,000. 

The element of assumption in the above reasoning is 
regarded as conservative. It is unnecessary to extend 
the computation to make immediately evident that the 
operating income from the State paved highway system 
alone since 1913 has more than equaled the total ex- 
penditure for construction and for repair, improvement, 
and maintenance of the entire mileage paved and 
graded by the State. The operating income from the 
graded portion and the portion built by the counties 
and acquired and maintained by the State has been dis- 
regarded. A corresponding decrease in operating reve- 
nue to the community would have occurred had the 
mileage been shortened by constructing a more durable 
type. 

It is observed that during the decade 1910 to 1920 
the estimated value of agricultural products has in- 


creased over 300 per cent, the population of the entire 
State 44 per cent and the population on the highways, 
exclusive of the two largest cities, 63 per cent. 

These facts are evidence that the policy of extension 
of mileage of serviceable pavement was justified in the 
initial period. Highways, like the railroads, build up 
business, and a period of supplementary construction 
follows without financial strain because of increased 
operating revenues. The advertising value of the 
highway system has without question added to the 
population and to the tourist attraction. 


STATE CAN NOW AFFORD TO RAISE STANDARD. 


Although for the most part the service rendered by 
the roads built is still uniformly good, it is very evident 
that the State can now well afford to raise the standard 
of construction. This standard must satisfy all motor- 
vehicle operators. The increase in the use of the 
trucks will doubtless for a time be increasingly rapid. 
It has been over 500 per cent in seven years and 
250 per cent during the past three years and will 
demand a greatly increased factor of safety in the 
pavement. 

But the increase in motor-registration figures can 
not be the only index of the future duty of the roads. 
Additional information useful for the State highway 
commission can be secured by elaborating the form 
used for registration, but the necessity of comprehen- 
sive traffic census at frequent intervals is great. Only 
a traffic count will determine the distribution of high- 
way operations and yield corresponding control both 
of design and maintenance allotments. 

The maintenance and repair operation in the past 
period has involved excessive patching in certain sec- 
tions due to the thin 4-inch pavement and the increase 
in traffic volume, weight, and speed. In the future, 
however, the demand for better quality of pavement 
service will become more exacting and the increased 
traffic will require maintenance for various items on 
any type or standard of pavement, so that as the system 
develops the aggregate maintenance charge may be 
expected to increase. 

There is evidence that relatively few vehicles have 
excessive total loads, but field weighings showed a large 
percentage of overload of trucks per linear inch of solid 
tire. Unfortunately the exact record of this item was 
lost. It must be inferred that the infrequent and inci- 
dental heavy load is very destructive. Defects of the 
‘“‘crowfoot’’ type in the pavement are regarded as due 
solely to traffic impact on the thin slab with adverse 
subgrade condition. Not only heavy soils but also 
sandy soils underlie defects of this type, nor is a 4-inch 
pavement of greater width exempt from such defects. 
Excessive transverse cracks are also inevitable in a 
thin slab with any combination of adverse traffic and 
subgrade conditions. 

Whatever design is adopted and whatever the legal 
speed and loading, there is evidence that increased 
enforcement of the law is required. 
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CONCLUSIONS DRAWN FROM THE STUDY. 


The State highway system has, in general, been well 
selected and laid out. The mileage prescribed by law 
has far exceeded the funds and this discrepancy 
distorted the policy. The mileage remaining to be 
built is far in excess of the combined capacity of the 
third bond issue and all available Federal aid. 

The deferred serial type of highway bond adopted is 
good, but the longest terms of every issue (44-45 years) 
are very excessive and the long terms willrequire millions 
of needless interest. The amounts of money were 
sufficient to permit planning of comprehensive con- 
struction programs and economy of large operations. 
The legal restrictions on the bonds were seriously 
embarrassing.‘ 

The order of selection and construction of roads 
from year to year has been largely controlled by 
necessary policy. 

The policy of permitting unpaved exceptions in 
small incorporated towns is uneconomical and impairs 
the efficiency of service of the State highways. 

The financial administration has been scrupulously 
honest and careful and the administrative and engineer- 
ing costs have not been excessive, nor have final costs 
much exceeded the engineer’s estimates. 

Convict work has been successful, especially during 
the war and from both aspects—the road work and 
reflex effect on the convict. It has been found 
necessary for success largely to eliminate dual control 
of convicts on the job. The State prison funds clearly 
should bear some expense. 

There has been a conspicuous growth of motor 
vehicle registration in California during the past 
construction period and a corresponding increase in 
volume and intensity of traffic. The commission 
evidently did not anticipate this Increase and did not 
provide for it in their original design, nor did they 
count the traffic throughout the State. A very careful 
traffic census should be taken at intervals. 

It is not believed that modern rubber-tired traflic 
on a smooth concrete road is abrasive, although 
solid-tired vehicles doubtless produce some breaking 
down of edges of separated cracks. No definite corre- 
lation was found between total number of vehicles and 
condition of the concrete pavement itself, but the 
total traffic does largely determine the wear of shoulders 
and in many places it does indicate a too narrow width 
of pavement. It is believed that the impact of exces- 
sively heavy loaded trucks, particularly at high speeds, 
is very destructive to a thin narrow pavement on 
adverse soils, but it is evident from the data that such 
trucks are in a small minority in California. Truck 
traffic 1s increasing and size and number of commercial 
passenger busses is very noticeable and there may be 
expected a parallel increase in the development of 
commercial freight motor-truck traffic. Passenger 
busses are already operating on the 15-foot pavement 








4 Such restrictions were removed by the vote of Nov. 2, 1920, 


to the disadvantage of other traffic and the law allows 
a total width of farm load of 10 feet, which is excessive 
for such pavement. 

State authorities can not control the volume nor the 
distribution of traffic on the State highways, but com- 
plete and effective cooperation between the State high- 
way commission and the motor-vehicle department 
controlling the character of traffic is necessary. The 
creation of a special State police exclusively to enforce 
the vehicle laws may be required. 


ROADS HAVE PAID FOR THEMSELVES. 


There is a very large annual operating revenue to 
the community from the State highways. The total 
of this revenue has probably paid for all construction 
costs to date and would have been correspondingly 
decreased with less mileage. 

A sum equal to the total net motor-vehicle fees at 
the present average rate will probably always be 
required for the absolute maintenance and improve- 
ment of State highways as construction of the 5,560 miles 
progresses. The original theory of a license to operate 
a motor vehicle is obsolete in a community where 97 
per cent of traffic is by motor and the registration fee 
becomes a charge for use of the road. Systematic 
financing of the upkeep will ultimately adjust the 
average fee to the requirement of upkeep and also 
adjust the fee to the vehicle type to more closely 
indicate the wear produced. An immediate increase 
of the State’s share of the net automobile revenue 
would be good economy, as a large mileage of defective 
concrete road must be at once repaired and resurfaced. 

The tables and the diagrams of condition and the 
statistics of sample core and soil tests clearly indicate: 


(a) A correlation between defective pavements ol 
classes D, E, and F, and adverse soil subgrades; about 
110 miles or 70 per cent of 157 miles total of these 
three classes occur on soils of class 1, which includes 
all adobe souls. 

(b) That since the average corrected testing strength 
of concrete cores 1s above 3,000 pounds to the square 
inch the concrete itself 1s not generally defective in 
strength nor does it show any wear by traffic. 

(c) The average class condition of all concrete pave- 
ment indicates a slow progressive deterioration with 
the age of the pavement, and indicates also that the 
type built tends to reach its approximate stage of 
classification comparatively soon and thereafter to 
change more slowly. 

(d) The diagram showing average strength as de- 
termined by cores tested from concrete laid during 
the various years indicates that there may be a slow 
progressive deterioration of the concrete itself, or 
‘‘fatigue”’ in a thin slab subject to excessive flexure. 

(e) There is no conclusive indication so far that the 
previous reinforcement in a 4-inch or 5-inch slab has 
produced a measurable increase in the quality or 
durability of the pavement. 

(f) Diagrams in the report show a slight superi- 
ority in the average condition of the concrete pave- 
ment surfaced with the three-eighth inch oil top, but 
in view of obscured classification there is no demon- 
strated marked superiority of oil surfaced pavement. 
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(g) Typical longitudinal (and other) cracking found 
on adverse subgrade soils, and shown by many of the 
7,500 photographs now on file in the Bureau of Public 
Roads, indicates a distortion of the subgrade due to 
varying moisture content and shrinkage. The dia- 
gram showing lines of equal moisture content clearly 
indicates the influence of the concrete pavement in 
preventing evaporation. The high capillarity of adobe 
soils and the great shrinkage in the long hot summers 
thus produce very unfavorable conditions for a thin 
pavement under increasing traffic. 

All pavement of classes D to I’, inclusive, which 
totals 120 miles and much of which is on adobe soils, 
is doubtless deteriorating and demands immediate re- 
pair and supplementary construction. It is doubtful 
if much of the pavement of these classes, especially 
on adobe, will ultimately prove an adequate base for 
a 14-inch Topeka top. An adequate ‘‘second-story”’ 
concrete if extended to a total width of 20 feet to thus 
include two new concrete shoulders of full depth is to 
be preferred. 


STRONGER PAVEMENTS DEMANDED. 


There are sufficient typical failures to show that in 
the future only designs of increased strength and 
adapted to resist such failure should be used. Every 
possible precaution will be necessary to prevent failure 
on adverse subsoils of adobe, clay-adobe, or similar 
soils. On such soils, in the absence of any proved 
successful design, only short sections of tentative de- 
sign should be attempted, or there should be first de- 
veloped frank experimental construction to determine 
a workable and economical design. 

Such a design will require the reinforcement now 
provided by the commission, a more massive type of 
concrete not less than 6 inches in average depth, some 
adequate corrective treatment of subgrade and pos- 
sibly a form of ‘‘mulching”’ of shoulders to prevent 
evaporation. <A flat subgrade is desirable and less 
crown. 

It is believed that on the main roads more satis- 
factory results will follow a considerably bolder stand- 
ard of location on hill and mountain grades and that an 
increase in width of pavement to a minimum of 18 feet 
is now desirable, with more systematic widening and 
superelevation on curves. 

Under modern traffic conditions there is an increas- 
ing demand for unimpaired alignment and fast travel 
between centers. To this end designs of highways 
must produce in general a road that can be traversed 
at a speed of 30 miles per hour throughout and with- 
out excessive operating costs due to changing speeds, 
etc. Therefore, first economy in grading becomes of 
rapidly decreasing advantage and must give way to 
the increased safety and comfort of travel. 

There would be advantage in some exceptions to the 
present standard of no transverse joints. In the hot 
valleys considerable buckling of the 4-inch slab occurs 
with attendant disintegration in infrequent instances. 
This tendency to buckle would doubtless be reduced by 


a thicker slab. Experiments with transverse joints at 
varying intervals is desirable on adverse or adobe soils. 
The future pavement will require a much larger factor 
of safety. 

The policy of construction of grading and drainage 
structures and gravel surface only on certain roads in 
districts 1, 2, and 3 in particular, was economically 
sound and deferring of paving up to the present doubt- 
less justified. Through roads with a minimum of unim- 
proved gaps and with adequate standard for most 
interstate travel have resulted from this policy. 

A high standard of design and workmanship is dis- 
played by the structures and the costs have been very 
reasonable. Many bridges exhibit attractive designs of 
unusual elegance. In many places the side-hill type of 
inlets is not functioning. The prevailing type of 
ceuardrail is a reflection of the original purpose to 
protect horse-drawn traffic and might be modified to 
advantage in maintenance cost. Railroad  grade- 
crossing elimination, where undertaken, has been well 
done and will require constantly more attention and 
investment of State funds. 

The standard of finish on concrete pavement has 
improved, but it is believed that still greater refinements 
will constantly be demanded and will probably pay in 
reduction of impact and resulting injury to, and by 
traffic. It is not believed that the continued use of 
the three-eighths-inch oil top is justified by past experi- 
ence; the concrete should be laid not as a base but a 
wearing surface. 

There is nothing presented by the entire California 
study that indicates that concrete is not a successful 
pavement. One of the clearest results is the emphasis 
on the need of better subgrade protection. Highway 
grading is more exacting than railroad grading. 

There should be further studies in respect to— 

(a) Traffic, with a new traffic census before June 1, 
1921, and periodically thereafter. 

(5) The indicated slow deterioration of the existing 
concrete, with continuing core tests. 

(c) Soils, including a considerable elaboration of the 
moisture-content study in pavement protected sub- 
grades, a determination of the thickness of necessary 
protective soils layers on adobe and of the required 
percentage of admixture to lessen shrinkage and in- 
crease the a power, and a further study of capil- 
larity and critical moisture content. 

(d) Alkali and its effect when present in the sub- 
gerade or in the mixing or ponding water. 

It is believed that the motor-vehicle registration law 
should provide separate records of the numbers of 
(a) all commercial trucks, including rubber-tired 
trucks, (6) all public freight trucks of certain important 
classes, (c) all foreign cars, and (d) all public passenger- 
carrying busses and should contain strict provisions 
regarding tire conditions on all solid-tired trucks with 
respect to the minimum rubber cushions and flat 
tires, or projections, etc. 

The work of the State highway commission and the 
highway engineer shows a continuous and intelligent 


20 


devotion to public duty. Their construction operations 
have been widely extended under greatly varying con- 
ditions. A high degree of standardization was doubt- 
less necessary and is evident. The failures (12.5 per 
cent of D, E, and F pavement) are not extensive and 
some were inevitable on large scale work. The 4-inch, 
15-foot concrete pavement was continued beyond the 
point of success on adverse soils and more time will 
be needed to develop a type of construction certain of 
success on such soils. The operations have _ pro- 
duced a large mileage of very serviceable road and 
from an economic standpoint are conspicuously suc- 
cessful and of continuing benefit to the State. The 
operating income from the highways is now sufficiently 
large to insure the economic success of a considerably 
increased standard of production. 


OH, FOR A SIGN AT THE TURN OF THE ROAD. 


‘Where is the road to Tumbleday?”’ 
I asked a farmer making hay. 

‘“‘Just keep straight on, that ’airs the way, 
You cain’t git off the road, Ill say.”’ 


So we drove on a mile or more 
And then let out a swearful roar; 
For there the road was split in two 
And we knew not the thing to do. 


No sign was there to indicate! 
The way to go was left to fate, 

And she was mean; we took the right, 
And lost a day and half a night. 


That road was hard and smooth and fine, 
For forty rods—or forty-nine. 

Beyond, great bumps were on its spine; 
Its health had entered a decline. 


It narrowed down, by stone walls bound, 
So autos could not turn around. 

And ne’er a thing for us to see 
But worse and worse variety. 


Rocks, stumps, and gullies on it lay 
Till goats could scarcely climb that way. 
And sand and mud were there so deep, 
Our engine quit and went to sleep. 


Footsore and mad we found the end 
Of that bum road around a bend. 
And there we saw (with feelings hard) 

It petered out in farmer’s yard. 


We also learned we should have took 
That other road which we’d forsook! 
It cost much time, and fifteen bones, 
To get hauled back through mud and stones. 





And now I plead for just one sign 
Where forked roads do intertwine, 

Or where they cross, or come and go, 
To points the stranger can not know. 


And how I wish there lived so keen 
A man who had within his bean 
A notion clear to give to you 


Of how to get beyond his view. 
—George E. Ladd, 
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9,231,941 MOTOR CARS AND TRUCKS 


REGISTERED BY 


THE STATES IN 1920 


By ANDREW P. ANDERSON, Highway Engineer, Bureau of Pubic Roads. 


ihe TOTAL of 9,231,941 motor cars, including com- 

mercial vehicles, were registered in 1920 in the 
48 States and the District of Columbia. There were 
also registered a total of 239,102 motor cycles. The 
registration and license fees including those for chauf- 
feurs, operators, and dealers, amounted to a total of 
$102 546,212.25. 

As compared with 1919, the data for 1920 represent 
an increase of 22 per cent, or 1,666,495 motor cars. 
This increase alone lacks only about 4 per cent of being 
equal to the total registrations of the United States for 
the calendar year 1914. In this connection it is in- 
teresting to note that the number of motor cars regis- 
tered in 1920 in the State of New York exceeded the 
total cars registered in the United States in 1910. 
Furthermore, the revenues derived from the registra- 
tions in the State of New York in 1920 were about equal 
to the entire registration revenues of the United States 
for the year 1913. The revenues derived from all 
registrations and licenses during the year 1920 exceed 
those of 1919 by 59 per cent or a total of $37,848 596.67, 
which increase 1s practically equal to the total registra- 
tion revenues of the United States for the calendar 
wear 1917. 


GREAT INCREASE IN REVENUES. 


The increase in the motor-car registrations and 
revenues in the United States during the past 14 years 
presents many interesting comparisons. ‘This is espec- 
ially true in respect to the use made of the revenues. 
In 1906 the total registrations were approximately 
48,000 cars, paying a gross revenue of about $193,000, 
or about the same as that collected by the State of 
Arizona during the year 1920. In 1906 the gross 
registration revenues were equivalent to less than 
three-tenths of 1 per cent of the total rural road and 
bridge expenditures for that year, while the registra- 
tion revenues for 1920 are equal to about one-fourth 
of the total rural road and bridge expenditures for the 
calendar year 1919. Furthermore, while in 1906 prac- 
tically none of the motor-vehicle revenues was applied 
to road maintenance or construction, 95 per cent, or a 
total of $97,671,742.10, was used for this purpose in 
1920, and of the total amount applied to road work, 
79 per cent, or $77,527 ,518.29, was expended under the 
control or supervision of the several State highway . 
departments. The remaining 5 per cent not applied 
to road work was expended very largely for number 
plates and in carrying out, the provisions of the motor- 
vehicle registration laws in the several States. 

On January 1, 1921, every State but Minnesota had 
made provision for some definite form of annual State 
registration. In Minnesota a three-year registration 


period ended on December 31, 1920. The registration 
figures for Minnesota, therefore, are the total number 
of cars registered during the period of three years. 
How many of these cars have been removed from the 
State or have been scrapped there is no way of deter- 
mining. <A few States make as yet no distinction be- 
tween original registrations and _ reregistrations or 
transfers. Consequently in these States the number of 
registrations is in excess of the actual number of cars. 
In most States, however, the registration figures 
represent fairly accurately the actual number of cars 
in the State during the year. 


MORE MONEY GOES TO ROAD WORK. 


For a number of years the general tendency toward 
devoting an ever-increasing portion of the net motor 
vehicle revenues to road work under the control and 
direct supervision of the State highway departments 
has been very noticeable. Prior to 1912 only a very 
small portion of the motor vehicle revenues was 
devoted to road work under the State highway depart- 
ments. In 1920, however, 76 per cent of the total 
motor vehicle revenues, or $77,527,518.29 was applied 
to road work under the direct supervision of the State 
departments, and $20,144,223.81 additional was applied 
to road work by counties or other local subdivisions 
but with little or no direct supervision from the State 
highway departments. 

In most States the motor-vehicle revenues are de- 
voted to maintenance and repair of the State roads or 
other improved highways. These States thus seem to 
have solved fairly well the difficult problem of securing 
funds for the maintenance of the more important 
roads under the ever-increasing traffic requirements. 
As both the traffic and the revenues increase with the 
number of cars, there seems to exist a possibility of so 
adjusting the registration rates as to keep pace with 
the ever-growing maintenance changes. 

A number of States having in general but a small 
mileage of improved roads have recently adopted the 
plan of capitalizing the motor-vehicle revenues and 
devoting these funds to road construction. These 
States are [llinois, Maine, Minnesota, Missouri, Nevada, 
Utah, and Wyoming. In these States bonds have 
been voted or issued for road construction, and the 
principal and in some cases also the interest is to be 
paid entirely from the motor-vehicle revenues. There 
seems to be no doubt that these revenues may be made 
sufficient for this purpose. The question as yet to be 
solved by these States is: From what other source can 
sufficient maintenance revenues be secured so as to 
prevent the deterioration of the roads constructed 
from the bond issues ? 
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HIGHER TAXES FOR HEAVY MOTOR TRUCKS. 
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At the beginning of 1921 there were still seven States 
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is unfortunate that, during 1920, only 36 States re- 
quired motor trucks and commercial vehicles to be 


Consequently the data 


in column 3 in Table 1 do not give a very definite 
index as to the total number of trucks in existence 
except in those States requiring separate registration. 
Even where separate registration is required the 
classification as to what constitutes a motor truck is 


far from uniform. Consequently, in some cases, a 
vehicle which is classed as a truck or commercial 
vehicle in one State may, in another, be included among 


passenger or motor cars for registration purposes. 














TABLE 1.—Motor-Vehicle Registrations and Revenues, 1920. 
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AE OMGQEs::...........-.-- 59, 082 | 1) 
Colma. ..............- 541, 934 41, 689 
Colopadow................i 121, 506 7,749 
Conmeetiout.............- . 95, 123 24,011 
Delaware................- | 18,300 (1) 
District of Columbia. . ... 429,131 * 5,030 
EROWOME 0. .... 2... 63, 466 10, 448 
re. 134, 000 12, 000 
nr . 50, 861 (*) 
TO cee esse 504, 250 64, 674 
TOA. lee 300, 226 32, 841 
LL ee oe 407, 578 29, 800 
ee eee 294, 159 (1) 
Bi@mtmeley................ 99, 437 13, 246 
Jremieiaa...............- / 66, 000 , 000 
Me... ..............- | 55, 395 7,512 
Mearel@nd...4............ ( 887,625 | ° 15,256 
Massachusetts............ s 223,112 51, 386 
MigRigame...............- 366, 946 45,771 
Minmesote ¥.............- | 10324, 166 1) 
Misetenippl............... | 63, 721 4,765 
Missouri..... Be. saa. 297, 008 1) 
Mom@ama................ 59, 450 1, 200 
Ne@brask@................ 200,000 , 19,000 
ee Oe 10, 464 (1) 
New Hampshire......... | 12 30, 240 4, 440 
Now Jergeéye............- 204, 125 23, 612 | 
New Mexico............. 2,107 (@ | 
Row Tek. ...........-.. . 524, 271 |16 151, 934 
North Carolina l!_....._.. 127,405 , 138,455 
North Dalkzota...........- 90, 9 
Ie ican eT | 13 538,090 | 83, 300 | 
Olgla@homa ............... 204,390 8,580 
Ce a ee. oe - 103,790; = (4) 
Peumsylveniae...........; 521, 835 | 48, 329 
Rhode Island............ 40, 914 9, 563 
South Carolina........... 93, 843 , (1) 
South Dakota............ 112, 589 | 7, 806 
Wommessec................ 90, 214 11, 638 
Teme... 2. 22 427,693 | 1) 
Ca ee 37,060 | 5, 556 
WROMMMONIT. 2.22. eee 28, 709 2,916 
Vimgimioe...............-- 101, 800 | 13,670 
Weeltingion.............. 14 144,131 29, 789 
West Virginia..... << ieaee 69,862 ' 10,802 
WiseonSite-22:..........- 277,093 , 16,205 
W yomliag................ 23,926, () 
Totaland average.. 8,379,579 | 852,362 





2 Registration not required. 
2 Includes 2,178 side cars. 
4 Does not include 14,797 nonresident 


cars. 


5 Does not include 1,790 nonresident trucks. 


6 To om” 
7 Distri 


Motor 
cycles. 


239, 102 


* Does not include 13,500 nonresident registrations. 
§ Includes 4,022 buses and vehicles used for hire. 
16 Registrations cover a perlod of three years ending}Dec. 31, 1920. Number of cars given are for total period; revenues are for calendar year only. 


nN Approximate. 


| 





Reregis- 
trations 
or 


transfers. 


Owners’ 
and 
chauffeurs’ 
licenses. 








ew aeeereoee sz ere 


eeoeectreceoeeees 


emecseeeer eee 


eeeene et en ene 











eaeen nen eneee 


Reference to the principal requirements for the regis- 
tration of motor vehicles are given in Table + and 
these will serve to make clear what the data in Table 
1 actually represent. 

Table 2 gives a compilation of the total registrations 
and total revenues for the years 1915 to 1920, in- 


clusive. 


For further mformation in regard to regis- 


trations and revenues previous to 1913 the reader is 
referred to Public Roads Bulletin No. 48, Repair and 
Maintenance of Highways, pages 68 to 71, inclusive, 
and also to the files of Public Roads for the years 
1919 and 1920. 





Manufac- 
turers’ 
and 
dealers’ 
licenses. 





aeeeerer ewe nleoeosr etree eeeee eee ese esee 


718, 116 


12 Does not include 2,359 nonresident and neutral zone cars. 
18 Does not include 2,683 State, county, and city cars. 


14 Does not include 1,287 exempt cars. 


16 Data covered period of 18 months ending Dec. 31, 1920. 


16 Includes 26,533 omnibuses. 


eee aer een seesee sceeeaeneaee 


enone eoneecace 


ee ed 
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ee ey 





weeceresreseee 


| 4,100, 852 
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eae aa aaa iia 
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Total gross 
motor-vehicle | 
registration 
and license 


revenues. 


$835, 178. 00 
192, 368. 92 
591, 464. 50 

5, 714, 717. 40 
819, 872. 74 


1, 852, 591. 00 
329, 980. 00 
266, 285. 00 


554, 695. 14 © 


1, 919, 338. 92 


882, 034. 51 
5, 915, 700. 17 
2’ 029, 694. 00 
7, 507, 202. 08 
1, 419, 345. 50 


815, 549. 31 


3, 860, 231. 70 


5, 754, 900. 96 
143, 794. 50 
11 800, 000. 00 
2,111, 696. 85 
416, 245. 00 


1 2, 800, 000. 00 


103, 318. 33 
654, 702, 04 

3, 503, 936. 76 
200, 000 


3 


2, 085, 168. 50 
8, 090, 873. 04 
531, 462. 75 
527, 868. 13 
11 784, 000. 00 


1, 215, 776. 04 
3, 510, 355. 97 
350, 933. 29 
555, 422. 38 
1, 822, 736. 16 


2, 828, 896. 10 
1, 280, 193. 28 
3, 127, 073. 00 

267, 179. 35 








Motor-vehicle revenues avail- 


able for road work. 


By or under 
State highway 
| department. 


| $668, 142. 40 
' 189, 868. 92 
550, 000. 00 


| 2,441, 601. 45 | 


| 375, 699, 01 
| 


| 1, 852, 591.00 | 


| 329, 980. 00 


| 1, 851, 540. 82 


220, 508. 65 


6 5,915, 700. 17 
1, 902, 363. 00 
17,244 450. 00 


e@ereereeseaeeranne 


eaewreeeeseeeesenen 


6 818, 755. 50 
1, 537, 540. 00 
3, 500, 000. 00 


2,745, 715. 10 
143, 794. 50 
11 750, 000. 00 


1 2,100, 000. 00 

6 103, 318. 33 

580, 342. 23 

3, 441, 770. 32 
180, 000 


3 





1, 785, 000. 00 


11 3, 100, 000. 00 
| 72/294) 404. 67 


1, 469, 145. 28 
8, 090, 873. 04 
468, 162. 75 


92, 529. 19 | 


eee m wees etre aneenee 


571, 816. 72 
1, 468, 474. 63 
6 325, 000. 00 


515, 736. 76 | 


1, 730, 921. 18 


12 1, 800, 000. 00 
1, 096, 662. 43 

2, 250, 000. 00 

4 267, 179. 35 


77, 527, 518. 29 





interest and provide sinking fund for State highway bond issue; remainder for State highway work. 
uted to counties, but expended under supervision of State highway department; 23 per cent of grand total to State highway department for expenses. 


554, 695. 14 | 


2, 111, 696. 85 | 
280, 557. 37 - 


6, 721, 174, 52 | 


| ' 
Under direc- 


tion of local 
authorities. 





Average | 
gross | 
revenue | 


return per: 
| Motor-car’ 
| registra- 


tion. 





i 


| $2,441, 601. 45 
i" 375, 699. OL | 
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werner eee een eeene! 





| 113, 100, 000. 00 | 


ee 


ee ee ee 


329, 765. 31 
11 700, 000. 00 


571, 816. 72 
1,715, 416. 13 


eee eer ee ee ere seer 
ween e ee eee eee eee 


| 20, 144, 223. 81 
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TABLE 2.-—Motor-Vehicle Registrations and Gross Motor-Vehicle Revenues, 1915 to 1920. 











Motor-car registration.} 















































Total gross revenues. 












































1915 1916 1917 1918 1919 1920 1915 | 1916 1917 1918 1919 : 1920 
oI ee — ih, _—— J | ee _ 2 
_— SU | fe | 
Adaipammns..........-.. 11, 634 21, 636 | 32, 873 46,171 | 58, 898 | 74, 637 $180,744 | $203,655 $217,700 | $470,274 ; $541, 348. 70 | $X35, 178. 00 
os ee 7,753} 12.300: 19,890 93°905 29,575 | 34/601 45, 579 73, 000 117, 643 142,288 | 164,755.68 | 192, 368. 92 
Aplomsas............- §, 021 15,000 | 28, 693 41,458 | 49,450 | 59, O82 ° SO, 551 150, 000 205, 176 _ 410, 649 500, 970. 00 F 591, 464. 50 
Califenmia: ........---. 163, 797 232,440 ; 306,916 407,761 | 477,450 , 583,623 '' 2,027,432 | 2,192,699 2,846,080) 3,524,036 . 4, 468, 721. 67 | 5, 714, 717. 40 
er: 28, S94 43, 296 87, 460 83,244 104,865 129, 253 120, 801 197, 795 296, 808 | 379, 559 | 490, 432, 31 | 819, 872. 74 
Connecticut........... 41, 121 56, 048 74,645 86,067 ' 102,410; 119,134 536, 970 768,728 1,080,757 | 1, 285,164 . 1,516,136.01 | 1,852, 591. 00 
Delaware...........-- 5, 052 7, 102 10, 700 12, 955 | 16, 152 | 18, 300 55, 596 85, 249 133, 883 232, 449 286, 333. 00 "329° 980. 00 
District of Columbia. 8, 009 13,118‘ 15,493} 30,490 35,400; 34, 161 29, 396 | 47, 624 55,928 «220,753 274, 184.00 | 266, 285. 00 
Plemida........™.. 210, 850 20,718 3 27, 000 54, 186 | 55, 400 | 73, 914 3 60, 000 | 127,176 3 170, 000 345,775 | 401,317. 40 | 554, 695. 14 
Georgia. . 25,000 46,025 70, 324 104, 676 137,000 146, 000 125, 000 154, 735 229, 653 331,816 , 429, 848. 00 | 1, 919, 338. 92 
Ca 7,071 12, 999 24,731 | 32, 289 | 42,220 50, 861 121, 259 213, 758 412, 641 576, 555 729, 702. 94 882, 034. 51 
(imei... 2. 180, 832 248, 429 340,292 | 389,620 | 478,438 | . 568, 924 924, 906 1,236,566 1, 588, 835 | 2, 764,330 | 3, 262,714.00 | 5,915, 700. 17 
Inmeiguey. .........-..28 96,915 ; 139, 065 192, 194 287,160) 227,266 333,067 , 587,318 817,286 | 1,006,159 | 1,203,128 : 1, 558, 740, 50 2 029, 694. 00 
[OWNE.,.........-.------- 145, 109 198, 587 254, 462 278, 313 364, 043 437,378 | 1,533,054 | 1,776,170 2, 249,655 | 2,547,596 | 3, 077, 445. 81 7 507, 202. 08 
Wem... .....-..-.-. 72,520 | 112,122: 159,343 | 189,163 | 228,600} 294,159: 387,588 585, 762 30, 878 978, 837 | 1, 150,000.00 | 1,419,345. 50 
emails... 2-5 se 19,500 | 31, 500 47, 420 65, 884 90, 008 112, 683 la tty 184, 741 287, 314 402, 250 565, 520, 21 815, 549, 31 
Louisiana ............- 11, 380 17,000: 2, 394 40, 000 51, 000 73,000 75, 600 112,000 166, 835 240,000 , 306, 000. 00 390, 000. 00 
Mi@im@:.......-....---- ' 91,545] 30,972] 41,499 44,572 53, 425 62, 907 2b, 412 363, 562 491,695 570,171 | 685, 570. 25 818, 755, 50 
Merylend............. 31, 047 | 44,245 60, 943 | 74, 666 95,634 102,841 | 386, 565 565, 302 807,395 | 1, 189,984 | 1, 776, 410. 22 | 2, 121, 924. 84 
Massachusetts......... 102,688 : 136,809 174, 274 193, 497 247,182 ; 274,498 . 1,235,724 | 1,602,958 1,969,994 | 2,184, 821» By 667, 853. 85 : 3, 860, 231. 70 
Michigan.............. 114,845 | 160, 052 | 247,006 | 262, 125 | 395,813} 412,717 373, 833 | 1,739,344 2,471,271 | 2,875,266 . 3,719, 433.39 | 5, 754, 900. 96 
Minnesota............ 93, 269 446,000 . 554,009 | 204, 458 259,741) 324,166) 4160, 540 82, 469 100, 000 1,076,811 , "218, 469. 50 143, 794. 50 
Missigsippi?........... 9, 669 25, 000 36, 600 48, 400 | 59, 000 | 68, 486 | 76, 700 175, 000 250, 000 335, . 00 | $00, 000. 00 
Miguel ...........-.-.4 76, 462 103, 587 147, 528 188,040 | 244, 363 297,008 | 323,289 439, 315 617,942 1,394, 762 | 1,725, 076. 70 | 416, 245, 00 
Wen U@IION ............. 14, 540 29, 105 42,749 51, 033 | 59, 324 , 60, 650 33, 120 |! 52, 768 290, 936 350,914 , 407, 848. 00 | 2,111, 696. 85 
| ! H ) ! 
Nelvasiza...........- “| 59, 000 101,200! 148,101) 173,374 | 200,000! 219,000, §183,000 . 311, 334 , 451, 303 536, 897 ie 304, 450. 55 | 2, 800, 000. 00 
Newada.............2: | 2,009 4,919 7, 160 8, 159 9, 305 : 10, 464 , 7, 875 20,116 , 31, 166 | 31, 083 37,550.75 | 108, 318, 33 
New Hampshire. . 13, 449 | 17, 508 | 22, 267 24,817 31, 625 | 34, 680 257, 776 344, 434 | 425, 305 | 509, 335 599, 621. 25 | 654, 702. 04 
New Jersey.........-- 81,848 109,414: 141,918 155, 519 190,873 5 227,737 | 1,062,988) 1, 406, 806 1,923,164 2,431, 757 | 2,931, 904. 15 | 3, 503, 936. 76 
New Mexico.......... 5, 100 8,228 14,086 , 17,647 18,082! 22, 100 29, 625 47, 865 | 80, 843 105,631 | 111,150.00 , 200, 000. 00 
Newey owk..........-. 255,242 314,222 ° 406,016 459, 292 566,511 | 676, 205 | 1,991,181 | 2,658,042 | 4,284,144 4,945,298 | 5, 984,659.50 | 8, 863, 250. 59 
North Carolina........ 21, 000 33, 904 55, 950 72,313 | 109,017) 140,860. 123,000: =. 206, 101 321, 923 394,739 | 1,313) 930.73 | 1, 785, 000. 00 
North Dakota......... 24, 908 40,446 62, 993 71,678 82,885: 90,840 79, 245 125, 283 211, 536 471,429 | 636,842.40 691, 500. 00 
Cie... ceca). ....2: 181, 332 252,431: 346,772 412,775 | 511,031, 621, 390 934, 622 | 1,286,405 | 1,766,427 2,125, 426 | 2, 593,000.00 | 6, 400, 000. 00 
Oklahoma............ 25,032: 52,718 100,199 | 121,500, 144,500; 212, 880 154,892 559, 011 853,659 | 1, 102, 380 | 1,178, 130.27 2, 500, 000. 00 
Ovegeme.........-..... 23, 585 33,917 , 48,632 63, 324 83,332: 103,790 108, 881 | 146, 232 | 196, 787 461, 422 602, 239.00 2, 085, 168. 50 
Pennsylvania......... 160,137 | 230,578 | 325,153 | 394,186 | 482,117 570,164 | 1,665,276 | 2,325,057 | 3,268,025 4, 048, 186 | 5, 090,921.00 9, 080, 873. 04 
Rhode Island......... 16, 362 21, 406 4 35, 218 44,833 | 50,477 06, 440 264,737 : 346,117 385,608 | 477,223.25 581, 462.75 
South Carolina’... ... 15,000 & 25,000 © 38, 332 55, 492 | 70, 143 | 93, 843 15, 000 | 10, 000 | 113, 537 . 300, 217 389, 034.68 . 527, 868. 13 
south Dakota......... 28, 724 | 44,271 » 67, 158 90, 521 104, 628 120, 393 3 180, 000 140, 746 210, 592 282, 742 322, 340. 50 784, 000. 00 
Tennessee........--.-- 77,618 | 330,000 | 48, 000 63, 00 80, 422 101, 852 3 34, 000 186, 953 322, 200 390, 000 585,181.95 | 1, 215, 776. 04 
Se nes 40,000 | €125,000 i: 192,961 251, 118 331,310 | 427,693 20, 000 20, 000 858,978 2,039,589 | 2, 624, 334. 29 ry 510, 355. 97 
WOE... . octets cee 9,177 | 13, 507 | 24,076 32, 273 35, 236 | 42,616 3 60, 000 93, 494 170, 707 229, 203 291, 325. 96 - ” 350, 933. 29 
VieWimoné.............. 11, 499 | 15, OF8 | 21, 633 22, 563 26, 807 . 31, 625 218, 480 297, 992 363, 541 . 398, 856 460, 190. 87 : 555, 422. 38 
ViREBOien. .. en ce 21,357 °° 35,426 | 55, 661 72, 228 94,100 ° 115,470 | 176, 875 271, 266 518, 566 | 684, 636 7 900,000.00. 1, 822° 736. 16 
Washington....... oe 38, 823 60, 734 91, 337 117278 148,775 ! 173,920 238, 717 | 350, 052 519, 526 875, 391 | 2,325,323.53 2, 828, 806. 10 
West Virginia......... 13, 279 20, Sad 31, 300 38, 750 50, 203 80, 664 — 128, 952 198, 436 359, 339 | 447,705 | 1,008,083.31 _ 1, 280, 193, 28 
Whiseonsin............ 79, 741 | 115, 645 158, 637 196,253 | 236, 290 293, 298 431, 977 615, 721 861,278 | 2,076,701 | 2,502, 852.00 | 3, 127,073. 00 
WOME oo cc ws: 3, 976 7,125 | 12, 523 16, 200 | 21,371 23, 926 19, 880 35, 625 57, 421 80, 000 102, 114. 50 | 267, 179, 35 
etek... ........ : 7, 565, 446 9,231,941 | 18,245,711 | 25,865,370 | 37,501,233 51,477,417 |64, 697, 255.58 102, 546, 212. 25 
1 — not include motor cycles nor dealers’ and manufacturers’ licenses. 5 Cars registered, 1917. 
2 State registrations only. 6 Estimated number of cars in State. 
3 Estimated. 7 Registrations 1915 only. 
‘ Cars registered during 1916; total number of cars, approximately 138,000. 
TABLE 3.—Motor Vehicle Registration and License Fees in Force January 1, 1921. 
State Motor cycles Passenger cars Motor trucks and commer- | Chauffeurs Owner Dealers and manufacturers 
State. ) j , ger Cars. cial cars. - | operators. | . , 
Alwwanmm........... $5; with side- Less than 25 horsepower, $11.25; 25 "Less than 1 ton, $15; 1 to.2 ' Origimal, @; 7 Nome:......-. - $25 to $125. 
car attach- | to 29 horsepower, $18.75; 30 to 39 tons, $22.50; 2 to 3 tons, renewal, 
ment, $7.50. horsepower, $26.25; 40 horsepower | $37.50; 3 to 4 tons, $56.25; , $2.50. 
and over, $30; electric cars, $20.1 over 4 tons, $75. . 
AIPONON, .......-.- a ee 25 horsepower and under, $5; 26 to 40 | Same as passenger Cars...... | Perpetual, $5.'..... ee , 1 vehicle of each class at pas- 
' horsepower, $10; over 40 horse- | Senger-car rates. 
' power, $15. 
Arivemiiews...... 2.22. a Allnaetor*vehicles, $L0.............-!...-- (See ee es... ee Do 
Califowniw.......... i: os Se | Electric cars, $5; all others, 40 cents Equipped with pneumatic | Original, $2; | No fee........ - Regular rates for each set of 
per horsepower; trailers, 32. tires, same as eee renewal, $1. plates. 
cars; others pay addi- 
tional; less than 2 tons 
unloaded, $5; 2 to 3 tons, 
$10; 3 to 5 tons, $15; over | 
5 tons, $20. 
Cilepado........... Same rate as One-half of 1 per ceut of cost price; 1 ton, $10: 2 tene, $17°50; | $2.......... | Nomes........ $20; additional tags, $2.50 per 
passenger cars. minimum fee, $5. . 3 tons, $25; 4 tons, $37.50; set. 
5 tons, $50, and $25 per ton 
for each additional ton, . 
: carrying capacity. 
Conneeticut........ ee emer | 50 cents per horsepower............. | 4 ton or less, $11; 1 ton, $15, | License, $2; | License, $2; $850 for 5 pair of plates, addi- 
and increasing to $200 for examina-, examina- tional plates, $10 per pair.? 
8 tons, and $100 per ton tion, $2. = tion, $2. 
for each ton additional. 
DelawWare........... ee eee $2 each 500 pounds gross weigh: of | Same as passenger cars... ... ore A $3; family,$8. $20 for 2 pairs of tags; extra 
car and load; passengers figured at | 





tags, $10 per pair. 
125 pounds each. i . ~~" 


} Cars used for transportation of passengers paying fare " = less passenger capacity, $37.50; 6 to 9 passenger capacity, 
between towns or cities 10 miles or more apart, a flat fee o 


Incase of manufacturers, $25, plus $1 for ‘each car ey on public roads. 


$40; 10 or more passenger capacity, $90; operating 


20 


TABLE 3.—Motor Vehicle Registration and License Fees in Force January 1, 1921—Continued. 





State. 


Motor cycles. 


| 
' Passenger cars. 





District of Colwm- 
bia. 


Florida 3 


Idaho 


seen rt eee eee w rcs ee 


ee a 


ae) 


ee ee eC a at 





Ihansas 


Kentucky 


er rteraven’ 





Louisiana 


ete meee eas 


Maine 


eo ee ae 


Mopyiand:. ......... | $5; 
: $8. 


Massachusetts 


+ 6 « Sin a 


eat aeret ew eane 


Michigan 


Minnesota 


ewreererese 


Mississippi 


Missouri 


eer erer ew oe 


Montana 


weer rane ete ® 





eeretneeaee! 


Nebraska 


. 


° 


24 horsepower or less, $3; 25 to 30 
— $5; over 30 horsepower, 


wee eee ene eee eee 


22 horsepower or less, $5; 23 to 27 
horsepower, $%; 28 to 35 horse- 
power, $12; above 35 horsepower, 

| $15 any car seating more than 9 
persons, $100. 

| Not exceeding 23 horsepower, $11.25; 
over 23 horsepower 60 cents per 
horsepower. 


[i 


i All weighing less than 2,001 pounds, 

- $15; 2,001 to 3,000 pounds, $20; 
3,001 to 4,000 pounds, $30; over 
4,000 pounds, $40. 

weet ee se ee eee 25 horsepower or less, $8; 26 to 35 

horsepower, $12; 36 to 50 horse- 

power, $20; over 50 horsepower, 


| $25; electric cars, $12. 


Electric cars, $5; others, 25 horse- 
power or less, $5; 26 to 40 horse- 
power, $8: 41 to 50 horsepower, $15 
over 50 horsepower, $20. 


ee 


2 


One per cent of values of car plus 40 
cents per 100 pounds of weight of 
vehicle. Minimum fee, $10. 


eee eer een erences 


All cars, $5 each 


eeoetow se eures 
eeecreteo we eeree) LLLE UGL DS, DY COLL. wee eee eee ern eae tre eervece 


eaeeceerenr eran eee 
wemeererecs ere eee) TAPS LCEILLUS PUL LIVE SUP rth we eee eee eee ae 


60 cents per horsepower 


25 cents per horsepower, with a 
minimum fee of 8 per car. 


en ee ee oe a) 


15 horsepower or less, $5; 16 to 35 
horsepower, $10; over 35 horse- 
power’, $15. 


ee ee ey 


with sidecar,| 60 cents per horsepower; minimum 
charge, $10; $1.20 per horsepower 


if operated for hire. 


Under 30 horsepower, $10; 30 to 39 
horsepower, $15; 40 to 49 horse- 
power, $20; 50 horsepower and 
over, $25 

Electric cars, $1 for each motor horse- 
power plus 35 cents for each 100 
pounds of weight; others, 25 cents 
per horsepower plus 35 cents for 
each 100 pounds of weight. 

All cars, $2 for year 1920 


erm voererteeanteoeuer 
ry 


eet eet ete ere tetas 


ee nmeer rete eet ewe 
errr rere re eee 


ee | 


cents per horsepower. 


Less than 12 horsepower, $4; 12 to 
23 horsepower, $6; 24 to 35 horse- 


ey 


power, $10; 36 to 47 horsepower, | 


$i4; 48 to 59 horsepower, $16; 60 


to 71 horsepower, $20; 72 power | 


and over, $24. 

: horsepower, $10; over 50 horse- 
power, $15. ' 

Beas ds eee $10, plus 50 cents for each 100 pounds 
car weighs over 2,000 pounds. 


35 cents for each 100 pounds of total 
weight of loaded car. 
15 horsepower or less, $10; 16 to 30 
horsepower, $15; 31 to 40 horse- 
ower, $20; 41 to 50 horsepower, 
25; 51 to 60 horsepower, $30; over 
60 horsepower, $40. 


ee 


eecer rere r een eee 





Electric cars, $15; others, $2 plus 50 ° 


23 horsepower or less, $5; 24 to 50 | 





Motor trucks and commer- 


cial cars. Chauffeurs. 


Owner 
operators. 





Same as passenger Cars 


enonecee 


1 ton or less, $10; 1 to 2 tons, 
$25; 2 to 4 tons, $50; more 
than 4 tons, $100. Trail- 
ers over 500 pounds capac- 
ity same rate as trucks. 

| Not exceeding 1 ton ca- 
| peeity, $15; others, Sls 
plus $7.50 for each 4 ton 
omer. tem: 4 toms, 375; 
5 tons, $150; 6 tons, 3875; 

7 tons, $1,125. 
Same as passenger cars 


ee a a i a 


cee wr eee se ree 





Original, $5; 


Total loaded weight, 5,000 
renewal, $3. 


pounds or less, $12; 5,000 
to 12,000 pounds, $22.50; 
12,000 to 15,000 pounds, 
man over 15,000 pounds, 


$60. 

Less than ? ton, $6; 1 ton, 
$8; 1 to 2 tons, $10; 2 to 34 
tons, $20; 34 to 5 tons, 330; 
5 to 73 tons, $40; over 74 
tons, $50. 

With pneumatic tires—1-ton 
capacity or less, $15; 13 
tons, $22.50; 2 tons, $30; 23 
tons, $45; 3 tons, $65; 33 
tons, $90; 4 tons, $105; 44 
tons, $120; 5 tons, $135; 
6 tons, $165. With solid 
rubber tires—less than 2- 
ton capacity, same as 
above, 24 tons, $55; 3 tons, 
$75; 34 tons, $100; 4 tons, 
$115; 44 tons, $130; 5tons, 
$145; 6 tons, $175; trailers, 
$10 to $70. 

Same as passenger cars 


erence] 2VUlI ~~ - ee eee 


4 ton or less, $22; 1 ton, $30; 
and increasing to $150 for 
5 tons, and $50 per ton for 
each ton additional. 

All motor trucks, $7.50 each.. 


ere te eae 


$10 per ton capacity for cars 
to 5-ton capacity, then $15 
per ton for each ton above 
5-ton capacity. 

With solid tires to 3-ton 
capacity, $20 per ton; 4 
ton, $100; 5-ton, $150; 6 
ton, $300; 7-ton, $500; elec- 
trices, one-half of above 
rates; trailers to l-ton ca- 
pacity, $10; others, $20 per 
ton 


es 





eee eet eee ewe 


$2: examina- 


$10 for each ton capacity or 
tion, $2. 


fraction thereof; trucks 
with pneumatic tires, one- 
half above rates. 

Same rates as passenger cars. 
Trailers, 50 cents for each 
100 pounds of weight. 


Original, 
3 Te- 


Same as passenger cars 


wre eee 





l-ton capacity or less, $12; | 
14 tons, $17; 2 tons, $32; | 
3 tons, $57; 4 tons, $117; | 
5 tons, $202; 6 tons, $252; | 
over 6 tons, $75 per ton. 
Same as passenger cars...... : 


Mie weereree = 


l-ton capacity or less, $3; 
' over 1 ton and less than 2, 
' $15; over 2 tons and less 
'  than3,$25; over 3 tons, 310. 
: $10, plus 50 cents for each 100 
pounds total weight of 
loaded car exceeds 2,000 
pounds. 

ame as passenger cars 


a ee 





errr ecese 


Satieas passenger cars......|.....d0....... 


Original, 35; 
renewal, $1. 


woe ohn we eee ener eer ee et eee eeease 


| | 


,ee eae 


ee es | 





mew we te AVe weer ea cee 





mowa the smonnae 


a et SKA = = = 2 ow 


Mec. s:. - 


we eewrer eee wr eee 


Oa... sense 


$2; examina- 
tion, $2. 


- ere ee ene 


sere ee we 


a 


weer wea eWhVnw es teow 


ere eter 


wowe eNhbVow ee ee ne 


Seiseete eS a = & = em 


Original, $8; 
renewal, $1. 


1 regular 


= = = ee 


Dealers and manufacturers. 


Regular rates for each car dem - 
onstrated on public roads. 


5 cars, 315. 


$50 for 5 number plates. 


$35 for one make and $25 each 
additional make. 


$12 for 2 plates and $12 for each 
pair duplicates. 


$25; duplicate plates, $1 each. 


$15 for 3 sets of tags; extra tags, 
50 cents each. 

$25 for one set of plates: addi- 
tional plates, $1 per set. 


registration for each 
make; secondhand dealers, 
_. $10 

$25 for 5 pairs of plates; extra 
' plates, 75 cents each. 


| $25 for 2 sets of tags and $12 
for each additional set. For 
dealers in motor cycles, 4 
tags, $20; additional tags, $0 
each. 


' $25 for 5 cars, and $5 additional 
' for each car over 5 operated 
on public roads. 


$30 for 3 ears and $10 for each 
' additional car.6 


$20; extra plates, $1 per set. 


Regular rates for 4 sets of 
plates. 


$5. 


' $10; for each duplicate, 
1 


Cars, $50; motor cycles, $15. 
Registration for each class. 


$20 for 4 number plates; $1 for 
each duplicate. 

$50 for 6 pair of plates; addi- 
tional plates, $5 per pair. 


+ Any county or municipality may charge an additional license tax, not to exceed 50 per cent of State license tax, on motor vehicles used for hire. 
4 Both cars and trucks may be registered in municipality in which owner resides. 
5 Same rate as passenger Cars. 

§ In case of manufacturers, motor cycles $20, including 10 number plates. 


TABLE 3.—Motor Vehicle Registration and License Fees in For 





| 


State. Motor cycles. Passenger cars. 








10 horsepower or less, $4.50; 11 to 29 
horsepower, $7.50; 30 horsepower 
or over, $15. 


ee i 


New Mexico 


40 cents per horsepower 
WE OK... «2s 


25 cents per horsepower plus 40 cents 
per $100 of list price. 


se tw ew | Be woe te ewe ew ee ew Ee CPE Deh eee ORs We te ee moan et oe ae eS 


Nom hiG@amerna.....1852.2.-..02-0 552 | 26 horsepower or less, $10; 26 to 30 
horsepower, $15; over 30 horse- 


power, $20. 








ee | 10 cents per horsepower, plus 5 mills 
) per dollar of selling price and 20 
cents per 100 pounds net weight of 
) car. Minimum fee, $5. Electric 
cars, $2. 


North Dakota...... ) 


oer rer ere ere rne 


$2.50; side cars, | 25 horsepower or less, $8; 25 to 35 
| Sie. horsepower, $12; over 35 horse- 
power, $20; electrics, $8. 


Oklahoma.....- Jon 7 





$10 per car if list price is $500 or less; 
if list price exceeds $500, then 75 
| cents additional for each $100 of 
list price. 


(ipegOn............. : Electric cars, $18; others, 23 horse- 
power and less, $15; 23 to 26 horse- 
power, $22; 26 to 30 horsepower, 
$28; 30 to 36 horsepower, $3€; 36 to 
40 horsepower, $48; over 40 horse- 
power, $56. 
40 cents per horsepower; minimum 
fer, $10. 


Pennsylvania 


ee es 





Rhode Island 15 horsepower or less, $5; 16 to 30 
horsepower, $10; 31 to 40 horse- 


power, $15, over 40 horsepower, $25. 


ss meee 





Cars weighing 2,000 pounds or less, 
$6; otherc $2 additional for each 508 | 
pounds over 2,000. 





? 


All caumtémaeh ..<..-.--...-20-+-+ aan 





ee wee were ec eee | VU UULLED VU LIVE SOUP UL «zc een eee ee we = 


ee 





Electric cars, $10; others, 25 horse- 
power and less, $5; 26 to 40 horse- - 
— $10; above 40 horsepower, | 

15. 


VerMont........... First registration, $1 per horsepower; 
second, 75 cents per horsepower; | 
third registration and thereafter, 
50 cents per horsepower. 

60 cents per horsepower; minimum 
fee, $10. 


VGeiiae.......... 60 cents per 
horsepower; 


minimum, $5. 





Washington........ $10, plus 60 cents for each 100 pounds 


car weighs over 1,500 pounds. 


West Virginia...... Cars weit 1 ton or less, $10, and 


25 cents additional for each 100 
ounds over | ton. 


Wie@enmsin......... cars $10 each 


A 


ever ew me een ececewe] 4244 VEL GLU UGULI. «ene eee ena er en ere er eens 
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ce January 1, 1921-——Continued. 


an eo 





Motor trucks and commer- 
cial cars. 





With solid tires 
weight 4 ton or less, $6, and 
$3 additional for each 4 ton 
gross weight to 2 tons; 
then $4 for each additional 
ton; trailers, $3. 

50 cents per horsepower..-.- 

Gross loaded weight 2 tons 
or less, $10, and $3 each 
additional ton to 14; 14 
tons, $70, and $10 each 
additional ton. 

i-ton capacity or less, $12.59: 
1 ta 2 toms, $25; 2 te 3 
tons, $40; 3 to 4 tons, $65; 
4 to 54 tons, $100. Trail- 
ers, 1-ton capacity, $10, 
plus $20 for each additional 
ton. 

Same as passenger cars, plus 
following fee for capacity 


rating: To 3 tons, $3 per | 
ton; to 4 tons, $5 per ton, | 


over 4 tons, $10 per ton. 
a one-fourth truck 
ee. 

Same as passenger cars, plus 
20 cents for each 100 
pounds of total loaded 
weight. 


1.500 pounds capacity or less | 


$15; 2,000 pounds, $20: 
3,000 pounds, $25; 4,000 
pounds, $40; 6,000 pounds, 
$60; 8,000 pounds, $100: 
over 8,000 pounds capac- 
ity, $300. 
Electric trucks, $30; others, 
14 to 2 tons, $32, and $12 
for each additional 4 ton 
up to 5 tons; over 5 tons 
allowed only on special 
permits. 
ess than 1 ton weight same 
aS passenger cars; others, 
1 to 14 tons, $20; 13 to 24 
tons, $25; 2} to 3 tons, $30; 
3 to 34 tons, $50; 14 to 4 
tons, $75; 4 to 5 tons, $100; 
over 5 tons, $150. With 
metal tires double above 
rates. Trailers, $2 to $15. 
Carrying capacity 1 ton or 
less, $7, with $3 additional 
for each ton to 4 tons, and 
then $4 for each ton above 
4 tons; over 9-ton capac- 
itv, $40 each; trailers, $10 
to $30 each. 


z 


' Canacity 1 ton or less, $15; 2 


tons, $30; 3tons, $60, 4 tons, 
$100; 5 tons, $200; 6 tons, 
$250, 7 tonsand over, $350. 

Capacity 2 tons or less, $6; 
2 to 34 tons, $10; 34 to 5 
tons, $15. 

50 cents per horsepower, plus 
$5 per ton carrying capac- 


ity. 

Capacity 1 ton or less, same 
as passenger cars; others, 
1 to 2 tons, $16; 2 to 3 
tons, $32; 3 to 4 tons, $48, 
4 to 5 tons, $80; above 5, 
tons, $100 for additional 
x ton. County license 
also required. 

Total loaded weicht 1 ton 
or less, $10; 1 to 2 tons, $15; 
over 2 tons, $7.50 per ton. 
With pneumatic tires two- 
thirds and with metal tires 
double above rates. 

Less than 3-ton capacity ,$20 
per ton; 3 tons and over 
$25 per ton. 


$15 for first ton capacity, 
plus $5 for each } ton addi- 
tional capacity. Trailers, 
$10 first ton capacity, plus 
$3 for each 4 ton additional. 

$10, plus 40 cents for each 100 
pounds that total loaded 
weight exceeds 1,500 
pounds unless empty 
truck weight exceeds 6,500 
pounds, then 50 cents per 
100 pounds. Trailers same 
rates. 

Same as passenger cars. 
Special rates for trucks 
used for hire. 

Capacity less than 2,100 
pounds, $15; 2,100 to 5,100 
pounds, $20; 5,100 pounds 
or more, $25. 

75 cents for each 100 pounds 
of weight of vehicle. 


loaded 


Owner 


Chauffeurs. operators. Dealers and manufacturers. 

> =, — $4 per car not to exceed 5. 

Nenesy, .2.. Nome: ....... $25; additional tags, $5 each. 

Original, $5; | Original, $2; $15, plus $5 for each duplicate 
renewal, $2. renewal, $1. set. 


_ $25, plus $5 for each duplicate 

















NOmage .--~- Nofie, ....-.2 
pair of plates. 
ee ee See Dealer pays regular fee and 
transfers tags to purchaser. 
| 
ie... =. . a iiss. sae $20; extra plates, $2 per pair. 
Gi eee =~ - Sal wenn ta Ke eat ae. $25 for 2 tags and $12.50 each 
for additional set of tags. 
oe ae 25 cents...... $30 for 2 tags and $5 for dupli- 
cate sets. 
SOs. ee No fee........ | Regular rates for each set of 
plates. 
fie... ...ee ees cine woes $25 for 5 vehicles and $5 for 
each additional vehicle. 
NO@ilpices..:- sl eONes.s.ceeue $25 for first make and $15 for 
each additional make. 
eee do. .....d0.......| $25 for 6 plates, duplicates $3 
each. 
enue do. eh $25. 
: ey || Oe CO: « $15; extra numbers, $5 each. 
EE | ee 6 $25, and $2 for each set of du- 
plicate plates. 
: 
$3; examina- | $2............ $50 
tion, $2. 
OH... :...0e None........| $50 for 3 sets of plates; addi- 
tional sets, $15 each. 
None.... ee ae Cars, $50; extra plates, $10 per 
pair; motor cycles, $10. 
OE. eosin do.......| Cars, $15 per set of plates; 
motor cycles, $9. 
| ne cee do $25 for 4 plates; extra plates, $1 
each. 
None......../.....do.......| $50 for 1 plate; $2 for each addi- 


tional plate. 





5 Same rate as passenger vars. 


? Drivers of cars operating for hire may be licensed by municipality. 
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TABLE 4.—Administrative Provisions in Force Jan. 1, 1921, Affecting Motor-Vehicle Registrations, Licenses, and Revenues. 








































































































Registration and licenses. : Revenues from registrations and licenses. , 
SS eee 
- | ane pte i ' Revenues 
enewals. for roads under su- | from 
saan Traffic 
: yervision of— : 
state. | | Requirements Non- ; _ = regulations 
Official’or depart- | —----——_———————— for operators’ | residents’ ae applied to made by— 
ment in charge. Operators’ and chauf- . exemp- | — Dt State Ldewl roads. 
Car regis- | and feurs’ licenses. tion. | highway road 
trations. chauffeurs’ depart- authori- 
| 1  lieenses. . mont. | ties. 
a |] xen | <a - —— a 

Alabama..... | State tax commis- | Annual,; Chauffeur,an- | Chauffeur, | Reciproc- | 80 per cent to | Allofnet..| None...... Niiiew:. ... ...-| Stemute, 

sion through pro- Oct. be | nual, Oct. 1. must be 18 ity. state highway 
: bate judge. ! years old. fund. 

Arizona...... ' Secretary of state..--; Annual,| Chauffeur, | No examina- 6 months..| State road tax | All of net..]...do............ ee Statute and 
dan. 1. perpetual. tion. | fund. | local ordi- 
| nance. 

Arkansas..... ‘Commissioner Of |...do....... Chauffeur,| Chauffeur, | Reciproc- | Stateandcounty | One-half...) One-half... One-half of Do. 

State lands, high- annual from must be 18 | ity. road work. penalty for 
ways aud improve- date. years old. delinquency. 
{| ments. | | 

California....| Superintendent mt | nes 5. 4S | Chauffeur, an- |..... a / 3months..| Stateandcounty | One-half | One-half: All, by local Do, 
motor-vehicle de- nual, Jan. 1. road work. net. net. community. 
partment. 

(loaloradio. .... | Seeretary of state.-.-)...do.....-|..... AGEs... us Certificate as | 90 days.-...| Stateandcounty]...do......|... (gn... -. Same as regis- Do. 

to compe- road work. tration rev- 
| tency. enues. 

Connecticut...) Commissioner of MO- |_..do....... All operators, | Examination..| 30 days....; Maintenance | Allofnet..| None......).._.. Me. oe... Do. 
tor vehicles. annuel, state roads. 

Mar. 1. 
Delawate... .. Secretary of state..--|...do....... All operators, | Must be 16 | Reciproc- | State highway | All......../... 0 ae Ponies. -.-.-.- Do 
Jan. 1. years old; tye department. 
no examina- 
tion. 
District of | Automobile board-.-|...do....... | All operators, | Examination..)...do....... General fund....) None......|... re | 
Columbia. | perpetual. 

Fieridaw...... | State comptroller...-|_..do....... Chauffeur, an- | Chauffeur,ex- | 30 days...) State highway | Allofnet..!... ame... ee «oe ae Do. 
nual, Jan. 1. amination. | department 
| and state, ! 

maintenance | 
| . fund. ' 

(reorgia-....- ' Secretary of state.---) Annual, Chauffeur,an- | Must be 16! 30 days....) Net to state aid |...do.......]... Ct Oita: Do 
. Mar.l.  — nual, Mar. 1. road fund. 

Idaho. .... ...| Seeretary of state | Annual,/! Chauffeur,an- | Ch auffeur, | Reciproc- | State highway | 25percent | 75 percent | Same as regis- Do. 
| through county Jan. 1. nual. must be 18 ity? fund. : tration rev- 

assessor. years of age. | enues. 
Iinoie....... Secretary of state.---|...do....... Chauffeur, | Chauffeur, ex- | 60 days..-.) State road] All!...... None......! All, by local Do. 
! n nat al, amination. fund. community. 
! Jan. 1b. H 

Waeliane.......|__.. Wee... nae. ne 2 8 Yona ei Sigs... 66 ae ee oe State highway | Allofnet..]... iiss. County road Do, 

| fund. fund. 

lewa....... ae ieee ee sie'<is ais 200 gee ees a ee Chauffeur! Reciproc- | State road work. (2) SUR os sos Local road Do, 

must be 18 ity: | work. 
years of age ‘ 

and compe- 

tent. 

Kansas....... Secretary of state; Annual,)..... oO eee eae Must be 14 | 60days....| Net, mainte- | None......] Allofnet..) None.......... Statute and 
through county July t. years of age. nance county city wordi- 
treasurer. and township nance. 

roads. 

Kentucky....! State tax commis- | Annual,|..... ee Chauffeur, | Reciproc- | Net to state | Allofnet..) None...... 2 eee Statute and 
sion through Jan. 1. must becom-| ity. road fund. local ordi- 
county clerk. petent. nance. 

Louisiana....} Secretary of state..--|...do....... N@He:-....--.- (3) PEO... 2s s5 Net to parish | None...... Allofnet..| Same as regis- | Local or di- 

road work. tration rev- | nance. 
enues. 

Mamita: ......-].,..¢ ‘ee er Annual,} All operators, | Examination..| 30 days--..| State road work.) All!...... NG@iite....- 3 Statute and 

Jan. |. annual, Jan.| optional. local ordi- 
hes nance. 

Maryland....| Commissioner of MO-|._.do......-| Owner, per-|..... Or... ..-2- Reciproc- | Net. 20 per cent | 8Opercent |_..do....... Same as regis- Do. 
tor vehicles. petual,; ity; « Baltimore of net. tration rev- 

chauffeur, months. | — street. work; 80 enues. 
annual. per cent state 

road mainte- 

nance. ; 

Massachusetts} Department of pub |_.ado.....- All operators, | Examination | Reciproc- | Net 20 per cent | All net....)...do...---|..... ol ee i Statute. de- 

lic works. annual from all operators.| ity. small town partment of 
| date. roads; 80 per public works 
eent mainte- and local or- 
| nance state ! dinance. 
roads. 

Michigan..... Secretary of state...-/...do...... Chauffeur, an- | Examinati ou | Reeciproc- | Stateand county: One - half | One-half | None.....--.. Statute and 

nual, Jan.}. | optional. ityto9) | road work. | net. net. local or di- 
| ; days. nance. 

Minnesota... .)..... dian’. .-- oe cee Triennial..|..... Cs ec Seas Chauffeur, ex- | 20 days....| Net, state road | Allnet....| None...-.j..... ee we Do. 
1918-1920. amination. and bridge ; 

fund. 

Mississippi... State auditor and | Annual, | None......... WNeme.....-...- 30 daye:...| Net to state i,..do...... Pex... -- Net, same as | Local ordi- 
county tax col- Jan. 1. | highway fund. county rev- | nance. 
lector. enue. 

Missouri......, Seeretary of state.... Annual,| Chauffeur,an-| Must be 18 |) 60 days ...| State road fund.| All of net -|_..do....... Nemec. -:--.- | Statutes and 

| Heb. 1. nual, Feb.1.| years of age; | local ordi- 
noexamina- | | nanee. 
tion. | 
Mienit@iMa........... dO...-------+--- -Annual,| Chauffeur, an-| No examina- | Nolimit..) Netto stateand | Three- | One-fourth|.....do...--.... . Do. 
Jan. 1. nual, Jan. 1. tion. county road) fourths net. 
work. net. . 

Nebraska....; Department of pub- ...do...... PN oo Must he 16. 30days....|..... ee Three- |One-fourth|..... MM. <= 5%. J , Statttte, de- 

_ lie works through » vears old. fourths. partment of 
county treasurer. | | publie works 
| and loeal or- 

. - | dinance. 

Nevada......, Secretary of state....' First Mon-'..... 2) - aa ea es =<: ee dg:.....| Mét.fte state | Nowe...... POU tees. «= lpm - 2 Ve .--.4 Do. 
| day in highway bond | | 
| February fund. . 


i Must first set aside amount necessary to finance state highway bonds. 


294 per cent for construction of primary roads, 24 per cent for maintenance of highway department, and 5 per cent for registration expenses. 
3 Municipalities of more than 10,000 population may license chauffeurs. 
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TABLE 4.—Administrative Provisions in Force Jan. 1, 1921, Affecting Motor-Vehicle Registrations, Licenses, and Revenues— 























Continued. 
Registration and licenses. 
Renewals. | 
State. Requirements eae 
Official or depart- are _ for operators’ | residents . 
ment in charge. Operators’ and chauf- exemp- — 
| Canmepis- “ital . feurs’ licenses. tion. 
trations. chauffeurs’, 
licenses. 
New Hamp- | Commissionerofmo- Annual,! All operators, | Examination, | 20 days....' Road mainte- 
shire. tor vehicles. | Jeiied. annual, Jan.; all operators. nance. 
i, 
New Jersey. .|....- Go areas ee eet. 2 aan ele ee do......is/¢eeiarorc- | 2a. do 
ity; 15 
| days. 
New Mexico..} Secretary of state wal Avmane). ViNewee.......228 Must be 14] 30days....| Net State and 
aa: fe years old. county road 
— work. 
Newaaigns. . |. cee Oese.c.- css. ' Annual, | All operators, ; Chauffeur, ex- | Reciproc- | State and local 
_ Feb. 1. annual, Feb.| amination. ity. road work.‘ 
Ly 
Ne@sth Caro-'\._... BS 3 ac. eee Anmipal, | Niamees... 55.2 Must be 16] Reciproc-! Stateroadfund.. 
lina. July. years of age. ity to 60 
| days. 
North Da-/ Motor vehicle regis- Annual, |..... BO haan | <2 cen eee No limit...) Net to State 
ota. tration depart- Jan. 1 and county 
ment. road work. 
Olip.......5. weeretary ofstate’...|...do0.......]....2 OG. 6 Ss | Giese aa cee Oe. cen State and local |... 
road mainte- 
nance, 

Oklahoma....| Department of high- dome eels Roe: Osis. (| eee ee epee Reciproc- |} 10 per cent ap- 
ways. ity; 60 propriated for 

days. State — high- 

way depart- 
ment; 90 per 
cent county 
road work. 

Oregon..... ..| DOCKEIARy Ole pates 2 .\.4000...... Chauffteur,an- | Must be 16 | Reciproc- | Net toStateand 

| Meal, van. 1, years of age; ity. county road 
; no exami- work. 
nation. 

Pennsylvania) State highway de- |...do. oe se oe Adhd a vitswras)|... oy... .- Maintenance 
partment. ! to compe- of State high- 

tency. ways. 

Rhode Island] State board of pub- '...do...... All operators, |, Examination, | Reciproc- | Maintenance 
lic roads. ; annua] from all operators.| ity; 10] State roads. 

date. | days. 
| 

Samth @ano- | State highway dem\...do.....)..5-.-.2 ccc. cccleeccccceccccccse 30 days....| Maintenance |... 

lina. partment. highway de- 
partment and 
county road 
work. 

Seuth Dakota} Secretary of state |...do......|..............0- Must be 15} Reciproc- | 90 percent coun- 
through county — years old. ity. ty road work. 
treasurer. 

Tenum@ngens...| Statemeparimemizof |...do....2:\.2....-..0..se0clie. ce... ee 30 days....| Net toStateand 
highways through | county road 
county clerk. work. 

ORs... ..... State highway de- |...do...... Chauffeur,an- | Must be 18 | 90 days....| Netto Stateand 
partment through nual, Jan. 1. years of age. county high- 
county tax col- way funds. 

_  leetor. 
Wire est ase. i Secretary of state... Annual, |..... CORRS... No examina- | 30 days....| Motor vehicle 
Mar. 1. tion. registration 
; | fund. 
Vemmotiie:...!. 2.28 ee ee Annual, | All operators, | Examination, } Reciproc- | State mainte- 
Jan. 1. en Jan. chauffeur. ity. nance fund. 

Virginia... .. | Seeretary of com- ...do...... Chauffeur, an- | Certificate of | 2 periods | Net to construc- |.. 

monwealth. . nual, Jan. 1. competency. of 7 days tion and main- 
each. tenance of 
; State roads. 

Washington.. Secretary of state Annual, | NGG. sae Operators | 90days....| Net for main- 
through county Mar.1. must be 15 tenance and 
auditor. years of age, construction. 

came eurs 
| E. 

West Virginia State road commis- | Annual, ' Chauffeur,an-| Must be 14] Reciproc-| State rcad fund.. 
sion. Jano. nual, Jan. l. years of age. ity. 

Wisconsin.... Seeretary of state....|...do...... Nonme.......... Must be i600. .dox..<.. Net to State 

years of age.? highway fund 
and county | 
; f | road work. 
WV wamime....|..... ee eee » SONOS ra = MO: . ..5.... Must be 15] Reciproc-| All to State 
years ofage.} ity to 90 roads.5 
days. 























Revenues from registrations and licenses. 




















i 





Proportion expended Revenues 
for roads under su- from 
pervision of— fines and 

penalties 
applied to 
State Local roads. 
‘highway '~ road 
depart- | authori- 
ment. | ties. 

All of net..: None..... Same as regis- 
tration reve- 
nues. 

286. ....:|\ae WM es sok 

All ofmet. .\ 22d... ... Nove... 

75 per cent | 25 percent | Maintenance 
gross. gross. of State 

roads. 

All net....| Neme......| Meme -.-22.. 

One-half. .| One-half. .|.....do......... 
Osseo ae (6 er gee Pearse (6 Cs ene 

SA cad ae ee ee Ae eee 

Three-j} One-fourth| County road 
fourths. fund. 

All gross..| None...... State and local 

road work. 


Same as reg- 
istration 


Traffic 
regulations 
made by— 


Statute, de- 
partmedt of 
public works 
and local or- 
dinance. 

Statute and 
motor ve- 
hicle com- 
mission. 

Statute and 
local ° ordi- 
nance. 

Statute, State 

highway com- 

mission, and 

local ordi-«- 
nance. 

Statute and 
local ordi- 


Statute, State 
highway de- 
partment 
and local 
ordinance. 

Statute and 
local ordi- 
nance. 


Do. 


Statute, State 
highway de- 
partment, 
and local 
ordinance. 

State board of 
public roads 


revenues. statute, and 
local ordi- 
nance. 
(Ole slaae dol. None..........| Statute an 
local ordi- 
nance. 
None...... 90 per cent |..... G0 eres cic Do. 
AIBMCt ..2 23] eee ee Same as regis- Do. 
tration reve- 
nues. 
o0 percent | 50percent | County road Do. 
work. 
All net 5...; None...... Nome. -..... Do. 
dG ieee cs Co argon | ean d0s2:4qmee Do. 
SO ee os. ae Cope tal sseee 0 (0 Do. 
00 per cents) 50 per cents} Same as regis- Do. 


tration reve- 


nues. 

| ree None...... N@iie.......... 

75 percent | 25percent]..... UP ordi ced 
ne ne 

PAD 2. eee Nones: 252\.008 MOe es. .eee 


Statute, State 
road commis- 
sion, and lo- 
calordi- 
nance. 

Statute and 
local ordi- 
nance. 


Statute. 


_— —— ee 


1 Must first set aside amount necessary 


‘ Does not apply to revenue collected within New York City, one 


° To pay interest and sinking fund on S 
6 Approximate, exact division 
? Drivers of cars operating for 


to finance State highway bonds. 


tate road bonds. 


made by legislature when funds are appropriated. 
hire may be licensed by municipalities, 


-half of which goes to the city general fund. 


RESURFACE CONCRETE ROAD 
WITH REINFORCED CONCRETE 


By T. M. KEENE, District Engineer, Bureau of Public Roads 


i resurfacing of a worn-out conerete pavement 
: with a thin concrete slab instead of the usual 
topping of bituminous material is perhaps sufficiently 
unusual to render of interest a brief rehearsal of the 
main features of this type of construction. 

This type of resurfacing has been proposed and ap- 
proved for Idaho Federal aid project No. 49, which 
comprises 1.54 miles of the Idaho-Pacific highway on 
the outskirts of Boise, Idaho. This section of roadway 
was paved in 1912 with one course of 6-inch concrete, 
rather poorly laid, which under the heavy traffic im- 
posed upon it has gone to pieces in many places, and 
so many cracks and potholes have developed that 
some method of reconstruction has become imperative. 

Traffic on this section amounts to about 2,800 vehicles 
daily, of which 250 are motor trucks. The old pave- 
ment was laid 16 feet wide, and in view of the heavy 
traffic above noted, this width has become manifestly 
inadequate, and any improvement must. involve the 
widening of the pavement to a standard double-track 
width of 18 feet. 


BIDS FAVORED CONCRETE SLAB. 


Since the original intention was to retop this pave- 
ment with a bituminous mix, bids were asked for on a 
top of this type as well as on a conctete slab, but re- 
sulting prices were so greatly in favor of the latter con- 
struction that in spite of its comparative novelty its 
use was recommended and approved. Bids were re- 
spectively $2.10 per square yard for a 2-inch bitu- 
minous concrete top, and $1.30 per square yard for a 
3-inch cement concrete slab. 

Construction of the concrete slab topping will in- 
volve, first, the placing of an extra strip of concrete 1 foot 
in width on each side and to the full depth of the old 
pavement. These strips will consist of a 1:2:4 mix, 
struck off even with the old surface. At the same time 
the old slab itself will be cleaned and all depressions 
filled with the same mix and struck off so that a base 
slab 18 feet wide with a uniform surface shall be ob- 
tained. The new concrete is to be thoroughly cured 
before placing the top slab. 

While the use of a bituminous top requires as close a 
bond as possible between the top and the concrete base, a 
topping of cement concrete calls for a method which will 
result in an entire absence of bond between the top and 
base. The extent of contraction and expansion in the 
two courses would vary considerably and bonding the 
two together would doubtless increase the tendency 
to crack, whereas a complete separation of the two 
slabs will permit of a shght movement in each slab in- 
dependent of the other. Therefore, after the new por- 


tions of the reconstructed base are sufficiently hardened 
the surface is to be thoroughly cleaned and sprinkled 
with a hght uniform coating of hot Tarvia. There 
will then be placed on the Tarvia-coated base a layer 
of concrete of a 1:2:3 mix 14 inches in depth. On this 
layer is to be placed a reinforcing fabric consisting of a 
flat steel wire mesh weighing not less than 28 pounds 
per 100 square feet, and additional concrete is to be 
immediately deposited to secure a completed thick- 
ness of 3 inches. 

Since the old pavement had expansion joints at 
30-foot intervals, similar joints are to be placed in the 
concrete topping at the same points, although it is 
planned to break joints in a few instances as an experi- 
ment to determine the comparative value of such spac- 
ing for future work. 


METHOD DESERVES CONSIDERATION. 


The adoption of a concrete slab topping might be 
inadvisable in places where grades are fixed within 
very narrow limits, as, for instance, on curbed streets; 
also, on account of the length of time that the road 
must be closed to traffic, this construction might be 
objectionable where no suitable detours are available. 
In general, however, it would appear that this method 
should be given careful consideration as affording a 
competitive type of resurfacing for concrete roads, 
which, even if not adopted, would tend to reduce bids 
on other types with consequent ultimate economy. 

The experience of the board of county commis- 
sioners of Wayne County, Mich., has been of value in 
forming recommendations in regard to this somewhat 
unusual method of resurfacing, and thanks are ex- 
pressed for their courtesy in furnishing details of their 
methods and the results of their experience. 


MERCHANTS’ ASSOCIATION CONDEMNS OVER- 
LOADING AND SPEEDING MOTOR TRUCKS. 


The Merchants’ Association of New York, by unani- 
mous action of its board of directors, at a meeting held 
March 10 adopted a resolution strongly condemning 
the practice, now altogether too prevalent, of overload- 
ing and speeding motor trucks, with resulting injury of 
the highways. 

After stating that the practice results in serious 
damage to roads and in many cases their complete 
destruction, and that the result of such operation is 
creating in the public mind an unfriendly attitude, the 
resolution calls for a more rigid enforcement of existing 
laws and the enactment of adequate laws where such 
practices are not now specifically prohibited. This res- 
olution is signed by the special committee on highway 
development, of which Lee J. HKastman is chairman. 
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FEDERAL AID ALLOWANCES. 


PROJECT STATEMENTS APPROVED IN FEBRUARY, 1921. 
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| 
Project | ; 
ati " Length in | state. Estimated | pederal aid 
Becve: | Pr@lent County. | ieee. | fy pe of construction. ment ap- cost, 
| ee | oe. oe. Feb. 12 2 $3,402.74 | 2 $9, 000. 00 
AWMIRMWMBHS!, .. .....-2-....-2208 37 | Washington........-.-.--------+-+++' : 2 = rege eC ee a. 2 35, 604. 45 2 15, 000. OU 
| RS a me o> OMe... Feb. 18 2 20,242.64 | 2 10, 000. 0U 
OO) mes et weet ae 22.240 oa. - Feb. 15 214, 611. 78 2 25, 000. OU 
ee ee =o = Ee + 2g | Grom”... cc ee ...4| Feb. 219,639.95 | 2 10, 000. 00 
i a . o- i ss a Feb. 7 132) 153. 72 55, 036. 07 
101 | Polk......-------------- ana aa 35.350 |..... to... eee Feb. 23 3 16, 2).o |.... 2. ae 
115 | Me@lison...........-.-.-.-.- pans =~ Sie * <i Feb. 26 177, 695. 87 82, 797. UO 
lig | Dreweand'Ghicot................... | 7.110 |..--- peo kame A Ce 37. 2 18, 508. 16 
| f 4 er Feb. 12 37,016. 3 . 
(@NOPMMON ....... eee aes * 94 | Ei Pasoand Fremont........-.....- ie Ob = ee ro, 45,942. 93 21, 020. 00 
102 | Ouray. .-------------- +--+ ee eee eee ce G ee oer ware Feb. 26 49, 268. 56 24, 634. 28 
ye | Gammon)... .. 202. sete rene 3 AN noo eislnce nn iar ee 44 000. 00 22, 000. OU 
MS | Te ORR sos. 2. <- one cece Scie ctenee vee settee etee cree ee eee aay ae 119 162. 00 59,576. 00 
Ee TT ae a a a aa TINIE wep! “3 | 119%584'00 | 16,292. 00 
(FOOMMIAE.. .. 22-2206. weet sees eS alt ae wale lat meee Co Sees ee a Feb. 21 129, 530. 06 eee 4 
ee RR ee ee ; 1 557000. 
| (7d yy: ee Oe 4.000 | Conerete........ See ee a a ve 7. D 19, 372. 71 
meer ‘Dapptalli. ..; . aseee tees cose oe Saz20 | Sand-clay..-.--..-...-...- 7) ioe al 10. 924. 37 
t 1. 000 , OE Feb. 26 21, 848. 75 924. 
HS | POR cece eet Ie Feb. 15| 3268.60 | 15,634.30 
POP... .-- 2-2 ee ee ee 28 | Vanderburg aud Gibson.......-.-.- 10. 000 By marci; or bituminous con- |...do.... 415, 662. 50 207, 831. 25 
— crete. . 
Wom, ... ..-..--.-.-.. 17 | Wiltipelages .. 2.2. oo. aeie eae lence ,; ‘ 1 Spee clays and gravel.....-.-.-.----- i. a ae a. oy ip. a 
aa Paes 0.0 ee eee © U0 Perr ee ee . : ) * ~] 
= Caldwell. ...-....-.-.-++-+++-+-++ 11.810 | Sand-clay, washed gravel........... Feb. 19 3157, 388. 35 378, 694. 17 
7 | Repidem.............---.-+22-se0==s : an y; , 
i .ooas| 1 90,490 | Samd-claw, gravel. ...-.. cesses --- Feb. 24 1100, 496. 81 50, 000. 00 
nome 4 Feb. 27| — 1245,092.59 | 1 122) 546. 29 
oto eee 0 500 ye a ee Feb. 24/ 1 3717447.73 | 11857723. 86 
68: |) GOMdO.....000.ce00-0020s05 cc ceee sc al) SD Meee NO || MMeeRAR amma Sie cyte neat = =e ; , 447. , 123. 
C1 rere c . 8 20. 190 Sand-clay, 2 oe ane Feb. 25 a #20, 605. 56 3 ia a. 78 
Migiigaa). .....<ceescseces -! 53 | Ogemaw and Aremae................ RG oC. a aaa am Feb, a 767 734, 00 330’ 000. 00 
54 | Shiawassee and Genesee............. 16. 500 | Concrete or bituminous concrete. eb. ae aes ia OS A 
SF | Va, ce. «55 5 a winless ele ete _ 0. 231 | Concrete. ....-....----- sees e erro eee -+ Reb. y oe ica , 620. 
Minm@NOii. 2. ....2.2000555.% 30 | WWE REE i cece oe eee 3 21. 860 nent eee 7 on fe dal seaeecnen 
cea hee ee ca eee Feb. 14 96, 823, 50 13, 000. 00 
5st. WU Sera ete ais xe aici eetcreieie: eo crepe acne 0 VOU | UTGVOCL. .. cae ec ane em ee eee nn nrc erence . ae) eeeceee ex? 0 
| fon er 1.030 | Brick, concrete, or asphalt. ......... | ae ie ie Fe ea a Gee 
inti Ih AEE y 6 Sen: <r o + ie 
hate Ie. ..... oe Te Wes) Whe... 2s... seg ease e--seces-see-| Reo. 200, 607. 00 100, 000. 00 
ios |Elemamemite: mee Feb. 8 36, 567, 85 18, 283. 92 
Lye | Doembenialer .. ... secs cee ge oe |, Gavel... . .. seca anr ss syne eee mania ag a ao re 
<a 7 Stoddard ae ee 5 500 oe a ee as 88’ 200. 00 44, 100. 00 
a ee a Comme Asa ee ee Feb. 8 351, 532.00 | 130, 000. 00 
| o> eee Feb. 12 48, 000. 00 24, 000. 00 
1. A ee ee ee eras te. ae ee Feb. 19 79,677. 51 39, 838. 75 
MIBHVIRIA................. ee BRN | (SMI EN acre eran ere 2) sie eet eet Fo CUCU: 0 SS ae eee eee mh se ay Gey a 
Nebraciea..............-..... lee | Heltwand” Roek................0..555 Al, (O03) iam. Jee wa Sa oe conapetea eee s see rs . a 9° 000. 4: : _ 
New Hampshire............. TARE WOOO 22 20... eee DAUD | CRBs. unin ds Sere tees 7 : 1 492! ae Gb 187 ce 
Niew Jereey.........-........ bo Ae err 2) keen Ogee | MENCTCLG......:.. 2c. ce eee ss > ss 4 Ps : 23° a A aan 
Notth Dakote............... FOE) TOMAS OW gree oo wa nsw = sere Sess oe a ee ee eb. on a oo oe 
110 Coen ise ees Ae Fs a oe PP. 8-3 ae FE en a ee e , iB 
Ly | eee 5 ee ee ee u Se 1 OS 3 SPE ios oo e20Ge : 
ee eee eee 4,500 |..... WO. ids: «se ee eee ee ..do. 20, 790, 00 10, 395. 00 
120 | Gowen” ...0cs.. isle 11,500 |... 23 ee Feb. 18 66, 792. 00 33, 396. 00 
Me Ne. 2k, bc Deals eet maida en a OE Oe BOs 6 cc eticd 4400 eee eS = 3 el | Feb. 16 50, 820. 00 25, 410. 00 
LP | OE a sun oe See cake ewe c See 14.000 |..... NO 9c Saga he ES «how ae Feb. 18 64, 680. 00 32,340. 00 
Ce er ee 14.500 |..... (cS ee ecu nrene Ree oe ee 65,714. 00 32, 857. OU 
[De | GapmtagelOPks. . 2... 22. cece cccunses 11. 000 Ga = ies Sie pen eae ee 3 24 1a or & ie 
ta ee 10.000 | Earth..... Se ee eh Pa ee a , 820. ‘ 
TO | Tea os eh es a eae a oe oe ee ioe | 34; 650. 00 17, 325. 00 
129 | Ramsem.......... Se ee a 1 |... 22 a ra ee oe nen eer ep ree Feb. 21 50, 820. 00 SD van a 
ee | NO eas ce ok oaks oe 5 cde > OGD |....4 (3 (1S ae ane ok erie ee ite eae 41, 580. 00 20, 790. 
Be) pee OR I ea. «oa ss asn cca 6 O00. . 3 Os ee Bei Ke" eee 50, 820. 00 ; 25, 410. 00 
Okdmbomay................-. 40 | Mc@maGain.............-..2-228 ie eee | Ga eeel... - .. -., tse eee | Feb. 18 781, 516. 66 390, 758. 33 
DD | I nna. ee ee 5.000 | Brick and grav 3) [Eee wees os See oe. 100, 000. 00 50, 000. 00 
South Carolina | Megan... . 2.2.22 205--...- 2.55 ae 7. $52 Topsoil MRS, Ro ere oe Feb. 12 69, 275. 01 34, 637. 50 
m | Teeermheny.... . tee eas oes ee 15.2). | eee «oss cea Veen pene eases Feb. 2) 141,775. 59 70, 887. 79 
we |B ORE... <5 ae ees ieee Godse | ote. | hoe, enaceness Feb. 15 90, 335. 95 22, 316. 68 
. ANID... . se eee in eee 15. 707 aa FR. Be ee re a oe x : ° 
UB eee Pees: are: ee gh oS eas Sener eb. 21 . ) . 0: 
South Dakota............... | 70 | Custer...--............. oe 11.830 | Barth and gravel... - 0-202... Feb. § 169, 270. 20 $4, 635. 10 
71 § Hoalwon and Zichawk ........-5.25..-|..scc00n--05 [igi gpa epee re: 2. eee , Feb. 15 119,373. 10 59, 686. 55 
i ee ae O.404)|| Glows cere 3s: eee eee Feb, 24 52,948. 83 26,474. 41 
LO oe es it) ee ee 200g}... . ue te... mae Feb. 8 209,221.91 | 104, 610. 95 
‘ gm eee... 2. eee eee eee aes SAR |... - CO a mers. eee Feb. 21 96, 250. 00 24, 062. 50 
Mn oe eee ese. Ze |, Fen... ee cae cee seme ee ae Oe ol ee t Feb. 26 47,615. 70 23, 807. 85 
Vig oS eee. @l | Paubiassos....... ee ee ee ee ae Feb. 8 73, 539. 40 36, 769. 70 
S| EOVOIUNT ow. uw ke cscs sees See) LOG ees. oa cs sce ccc eeess. ie ee 51, 456. 24 25,728. 12 
104 | Bedford and Roanoke.............. Se) | Magee. ee ae Feb. 18 357, 616. 05 178, 808. 02 
MUG |  OWRIGX . ee ST ome. ee ase a 2.790 | Bituminous macadam.............. Feb. 8 81,977.50 40), 988. 75 
i ae oe 4,050") COnGRGtG. << caccgeuaes 2. 5 ae rep. 4 162,314.68 54, 000. 00 
Ti ") WO see... eee 2 lame? |oocee Gosia) s snc ee tes ss ee Feb. 18 2 109, 974. 65 2 36, 258. 22 
ee | MET eas es a oe a 3 2! Geel «.. ssc cree ess Se ' Feb. 26 24, 003. 98 10, 000. 00 
ee, | CN aes wc ocean tec ee TARRY | COMERELG :. . iaiyeeas ee ee. ae Feb. 7 59,544. 10 25, 000. 00 
209 |}... _<g e . ee aD foe i, SR erty Feb. 18 54, 564. 95 11, 000. 00 
Wigtomiing................... 108 | Washakie........................... Wes ee | rn! | ....2 Fee @ 154,385. 00 Ths 192. 50 














1 Withdrawn. 


? Revised statement. Amounts given are increases over those in the original statement. 


’ Revised statement. Amounts given are decreases over those in the original statement. 
‘ Decrease in mileage. 
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PROJECT AGREEMENTS EXECUTED IN FEBRUARY, 1921. 























Project 
State. ge County. Type of construction. ae Estimated cost.| Federal aid. 
signed. 
ee 23 | Jackson... -. PO eee Poy oy ke Co a es oe Feb. 26 2 $36,107.10 | 2 $20,000. 00 
BO.| Washington. te ccaleennwesawscs=.-) 88.800 1..... OO. onet takes tts ene ers ae As Feb. 5 214, 106. 22 100, 000. 00 
OS oli lit re. Bees eae eee Pee eee SPE eer reer Bituminous concrete................ FGhy SL li cnutacavenentae 2 20, 000. 00 
Pe Tt X IP POTN ora Sts cudpecdta meek ube Clay-bound gravel.................. Feb. 16 105, 814. 50 40, 000. 00 
LIS: S.A WECDIE 2 2S ek engi ces nage beet 2 BSUS C irate ins eadedansnbuw bandas shen. do. ... 29, 523. 34 12, 600. 00 
fo | a ee Se! ORD s 6 cau drs nan Bh tn os SWaddmewe hk oda eb apdesnc awbtesean a a Oe ae eee oR ee Feb. 21 2 12, 853. 25 2 6, 426. 63 
ee) SENT Se AS asd oases tee eo acd aed oaease ae OW a coe as rape ees shade ees asses Feb. 1 28,199.51 2 4,099. 75 
eal fat Wg ae ee Sele reales. Cmts STAVE FS Seay, Sete ies gn eds concn Feb. 21 38, 217. 41 19, 108. 70 
TE YG oho eth ne Rn << lh Meal t Ose Pian Lac becwu. Feb. 23 21,874. 85 2 937. 43 
Fal L, ONAL Sc AGG wet us TAGs ee ical doo cd tose dceean EN, | SE PT Oe ee Feb. 21 2 4,507. 99 22,254. 00 
iy MAGUOL SI Nowa addenda chcetanducneraraalden wale un a0 WORVOEG Joos ca deuce, code eds) Awan Feb. 2 2 4, 664. 47 21,344. 88 
Nit OOD Cw cavatucaseubianceann weasel “anGO® tenets Oe ect ee eee ee Oe CDA, 57, 970. 54 26, 680. 00 
PR) 016 PIOUS ek eesaacewaedoaddatherese GTAVOl Jas cvensensehtanatasceedewbcns Feb. 21 53, 073. 71 26, 536. 85 
BOE PATO oa aaa cece sck. scammer ckalsaccakcne sce Bride ios scp 2c5sseenanskseeeen, sees Feb. 23 14, 722. 29 7, 361. 14 
BBo.t AVA: 22h ccs cece esoed sao Shades PRICE Fe ick dns CORY un De ast Feb. 21 59, 334. 83 25, 400. 00 
Ld tl RE 5 eee RF Be RARE hs BL asses Sitinthani Materia RAL Brick and concrete......../........- Feb. 1 331, 278. 00 157, 400. 00 
Rat MSS ace nos cat cabnkn ad Bey Oe ees een FU Ad kewl tase ve te ee Feb. 23 3 44,031. 84 313, 776. 92 
So ee ee 1 went Seen: Henry, Spalding, Pike, Concrete and sand-clay............. Feb. 4 2 20, 420. 58 2 10,550. 46 
onroe. 
8 | Montgomery and Wheeler...........]-.........-- Concrete and steel bridge...........]... G0. 53; 210,525, 52 25, 262. 76 
1S § DIOGEy. cos sc as nin conv PS tae Pee OTTER Sb: ee en Sn Ae Rein Mh ie Feb. 21 2 22, 486. 03 211, 243.01 
RAD SEO oe eee tas haw ch p< ce ockeeees spss PATO ss ane. Ee. 2s gs Swe aee Feb. 25 2115, 762. 23 2 57,881.11 
P20; PRIOR, Ses A Da i bak wae eye TSR « OE ee rn ee te. ae Feb. 21 2 $1,053. 74 2 25,526. 87 
“ £O4.T COWBUG HE oe d SS won canwannchcodade teas POPS d eas cnas ars ties hagdide eae Feb. 19 251, 780. 26 65, 000. 00 
UD Ea a Eo are Pree Red <-, eee Reinforced concrete bridge. ........- Feb. 25 133,513.91 66, 756. 95 
IRA TPO at Won ky Gacw tus here pew ae ee <a she Gaceynarss> rigwG i pacts acces cektbeat ycrectoolies v1 Copy 60, 436. 07 22, 207.03 
LBSA |) NOW: . Gece easecdens Ges ayelet ens Nat 2 a en eee eee ae Feb. 15 62, 336. 62 31, 168. 31 
IGS SHAW besatecctssccusstesdetsee ees) LO J. cccn 1 Oe We RN ay ne Fg ete ok Feb. 12 28, 634. 61 12, 500. 00 
Ge Ge ly Ce ie ee = ae foo er ee eres | a ee Feb. 4 29, 447.13 14, 723. 56 
Og BEE ee oe ee Sr eee ae TEE EY ae a eee ee ee ean One ee Feb. 25 31, 257. 43 15, 628. 71 
Oe SEDER oo aki eat neksireoroate nie Since vo SROSOR pee ewresee ne tion ee awh Feb. 21 44,552. 02 22, 276. 01 
RAY TY BOSON os Olcu a cee St ee eUT Cheeta eh wab tae BYE ee venue cade ut absbenbkeeess Feb. 25 9,984, 02 4,992. 01 
204 | Lowndes and Echols................ Se dy 2a ee ee ee Py Feb. 28 33, 301. 01 16, 650. 50 
Lath: pee es oS oes 9 | Adams and Idaho.....-............. PION e Oree etter sea p eM c Sin bp pie ae lee Feb. 1 2 70, 183, 19 2 35, 091. 60 
Pee Wh ES CUNGE 2? chrnc a PES le ba eek PRED S led DLQRBI? SIQMIO Soot ennet oar ven tebons Feb. 18 166, 734. 01 83, 367, 00 
BEA. i DOMESTIC ny lk seinen eunw eh Gemmens Bituminous concrete..........-..... Feb. 11 175, 871. 82 80, 750. 31 
a APATOW RIL 6 5 ieee gah ah unk coeak ceuooeas GrAWel, OU coo. clas wae SEARO een Feb. 15 | 211, 293. 23 89, 098. 22 
Boek ANGE ob OFOGy ce a's tuk lst vuly Oot eee s GTC an eee eee eee Coates Feb. 24 68, 393. 24 34,196. 62 
1) PRTODUS Se os os Power ce Pewee sand nah ass OTEVOlL Nanas aticeneSeewatsd eal ee dian Jan. 29 94, 952. 05 47, 452. 35 
Part CFOOGINE Ys 5 i careken tna ceeeneses paws Creishot OK so nn:< ne eae a teeee eee ee lees Gos. =. 53, 734. 45 26, 499. 77 
S04 EOUNGV TUG ce0k chek Weel bawkhen Ge e'baes Bituminous concrete............-.-. Feb. 18 53, 604. 46 40, 846, 00 
ee tps Re OCONEE oi tcc swiela k''p > ukinen eee eo'e 6 GIA VOLS tus vip aly cutdonitewkiee eter an enn Feb. 11 83, 200, 00 6, 600. 00 
BUTI ORS oitoiens xas tee enews san BEC S VE TI MAINSOT 26) oa p56 wh we oud we Geek oe Lit 4 4: sO an eon, SE. Sc Feb. 19 76, 076. 59 19,019.14 
ites CANOE a a hacen aptahaeeeenkieeng 0.070 Yonein hae ile vos ooo Beara ei hs ae 63, 563. 55 15, 890. 88 
18-5,6,7 | Champaign and Piatt..............-| 2.624 |..... Givin s wivvne dees steeds breee uses Feb. 14 62, 750. 35 15, 687. 57 
T-Ee | ROL. canecliptiyaaewersssteecacat ~ «=|601.508 [cen 1G oe ee eae Raniaeck bee lie tee Je do. sc: 19, 991. 89 4,997. 97 
ea ee Laekute eeaeeeeneekieve | «=|. O68 Tio. ox WG Sire Coie ays Arai Poa OU cone _ a 74 11, 293. 18 
18-26 |..... De tai eehiedes eee eee oth OTF Nacns CP a it ee. Sy ae Sa ae eee 7,379. 69 6, 844. 92 
FeSc1G | Biephansotsscinto ese essed | 084 oo + Cee, Sei caine 2 Grea te Ea Yi do... 108,075. 03 26,518. 75 
WS to 8 | eenry atic. Bureau. ccceeweecewcass| = 926.627 [..... A a hatess Retin Se ROe dementia Goten. 272,635. 60 68, 158. 89 
0S (on GA pags Rae pe an, Sn Nee cs Oe) es OO oe 10s Sorte tena t siscus eb hede ees. Feb. 19 28, 228. 94 7,057, 22 
. Sia LE SITON cvaGarks 5 secs yest dod dat eee nke i epee ee ee ee Feb. 14 49, 092. 02 12, 273. 00 
eh PCA RR COR SS Ao nein cena 0 = Mk BER. Le 2 eee Cer ee oe Se ee ee Gea ax 7,095. 04 1,773. 76 
PEED ET BLN ict dr) 7: ae Be ee a eS Oe oe ee wt eee DEE Fee Pl oa iervinaaedid imam weet Feb. 19 32,342, 72 8, 085. 68 
23-4 to 8 | Effinghani, Clay,and Wayne.......| 7. 504 |..... 1 Pee ee Oe ERE ne er ae Feb. 14 446,379.17 111, 594. 77 
i ) ee ae a ee a Tt A Walren och cd ocn oe a betel) 610. 208 Ln os GO ona ov cat euek aueneoadaledeees Feb. 24 103, 731. 43 50, 000, 00 
SSE PiymGuth . cance ete Seseeresusto. eh 320, SIF te es fie Sts andce oh ae ee TEES Feb. 10 97, 873. 27 45, 000, 00 
S| LOUISA Se te teacerbaicereneereiececs! «2 S40.f2-.. Bieta seh eo ene rte eee ae aa GO. «aa 131,039, 42 65, 500, 00 
Ohi) MUSIC oO -\-e owe sna eessine 4s.090 L..~, AO oi en Oe icles dealin get Se eee ee 114, 847. 97 57, 000, 00 
TMS C St PARSIOST cot ee 8 ee ee ES SOS Ph cles ee pols aS a op Ba. Feb. 24 99, 406. 67 49, 000, 00 
BE AR OUCE em gam ns nxn aerewatdeennn es Brick OF WOnOrBtS - 4 vb dee wwe kceuewe» Feb 27 1, 297, 552, 08 476, 600, 00 
CY, a eke pe et Res RAGE 4 ts akon suNG LW Uaewe exo e uae ee TEGEN si ccaeouwae<oon eee Aileen. Feb. 23 24,031. 34 8, 694. 00 
BP IIEES. | FOOL SOTL 6 cou wb ateelaxc newest ur sss Bituminous macadam.............. Feb. 12 706, 411. 55 95, 000, 00 
Bhs. vet DOU WICK ste aan fu dle wa oeee hemes Bituminous filled brick............. Feb. 15 410, 584, 07 73, 950, 00 
13. See ye BDSG WREE Meee ncn ton ne nceniihawees a Earth and ene concrete or bitu- | Feb. 8 71, 028. 63 23, 865, 00 
minous macadam, 
7 oe. Ch Ae ae Whe ees TRIRIDRROR « Adads- kx omacnuecewues £26 Band-clay, gravel ....-s0--cae0e~5s0-- Feb. 24 1 65, 541. 08 1 32, 770. 54 
) | aS Cald wells. ae cseee-Laweeen deel, «2 400 iW... TO het ultre vice Pee Feb. 21 1 11, 462, 99 1 5, 000, 00 
20 ioe Sa PYaviklint. sos coccseweeee rab eeeas ol ee 8 £70 foe: *: | ¢e n eeety  o eee Feb. 24 1 101, 635. 93 1 50, 000, 00 
| he CRICRSION s Bu ¢ occ cna wien cpedd eee ene s Gravel ard shall. «ics date hss Feb. 27 1 245, 092. 59 1 122, 546, 29 
a CRAGDS. Gu. 259s gcse at e aeieeees aekes sean base, Kentucky rock | Feb. 24 1 371,102.72 | 1 185, 551. 36 
asphalt. 

(ae RGDIGGS:. onc iccddansawdane dene eke s ATHU-CIAY sw aca anwae sae waee wae cekhees Feb. 14 98, 382, 62 49, 191, 31 
ee ODES. atwe BIT 8g 1. Se Scapa Eater gals 9 aay nei. eh. | eee pea es ee eee oe Se Se eo Feb. 16 49, 692. 17 24, 846, 08 
se aoe ee ee See pot dig eet WRC Ae eM a ar eel Pe OG..h- 47, 746. 27 23, 873. 13 
S5A WS... Washitigton. 12 2. cacnuctsseveeeteaut. Sheet dspiiatt. 2. acs 2e advice asadctes Feb. 10 24, 350, 04 12, 175, 02 
rh ee RATT OEE 0 oie 5 wg ats ren ate ee an OE os ooo oe ek os Stee eee Feb. 5 50, 292, 00 25, 146, 00 
rE eA re [1 RR eee PORE ec ee a CHMGrebe. . 6. eds ae ee ae An Feb. 10 38, 905. 90 19, 000. 00 
ee SOMATSEL. 2s). ob ads oe tees ak Bridve and sarths oc toe ee Ate Wo. .% 20, 918, 42 10, 459, 21 
: pee Pa BABE oe tes, arias cosine meee geen fg. a r,s ee Ss ae ae Feb. 16 86, 939. 90 43, 469. 95 
RESORTS, «iil aS desi ae SS eae =< SET su wa arnt a oe 0 OES wh ant tans 5 wes CORCRRC Re RS onda ects od PERE ee Feb. 18 2 103, 140. 81 4 580. 37 
eee MuUskSe0t 2s. cnc cn asawencnieateenees|'{Pe ty 820 15. 2- DU Bian kig ok can tee ateeine wns Lapeer Feb. 15 330, 220, 96 165, 110, 48 
DEIITIOOULD §. od Ot A i 5 3 CSI on, 0 nies vated Goce cane o cO Ceo eae ban SEY AN es on oman ercorssk af reo titanate Feb. 23 2 8, 639, 40 2 4, 319. 70 
osama i Be ene tee a eel Oo en ae Sica 2 ntincnde' saitdaud deve Reale Feb. 7 2 26, 588, a a 16, a 

ek Aw) ee ee eee a Se. ee Ae Diet pawie ona ob dice cadets Feb. 1 2217.7 5, 377. 
Sy ee CSAIL DAW Siuioraaly yen we cee Sls ob rates 6 naruto ans iis ers ee ewd ea bata wae oS Pole Discaceencacstvias 3 10, 000. 00 
ee EVUIROG mon dn eeev re gdeteheeeivendaldcaveswes ews Gravel, brick, bituminous concrete..| Feb. 16 2 11, 269, 18 2 5, 645. 56 
123 nse, CORO Wiis oaks wea ae oR ied Bim hie a-dacns oom Eh Op ee eee ee a Ce yc a by CS So 2 10, 000, 00 
TRO? OCKOr oon cu, coatteteterektewinacet e+ 440 j..-~. 1G a ee) See ae eee eee Feb. 9 40, 436. 81 13, 966, 14 
ELE DE a Og | a Ee SS ey Ale eee 0 oe ee ro, eh eS Feb. 1 82, 813. 77 33, 461, 84 
it eon BLOUIS UOT « eds 2 cca nakndddes Paseeran sat TE BO See ee ee le Feb. 23 325, 248. 70 150, 000. 00 
WES a SC ae RS rE SESS oe eI EVIL sw Meet Pola cx Bip one Eee ey Feb. 18 119, 134, 15 59, 000, 00 
TOP ela DK Wor Pavibn. acca ee ecowesd > 10.360 |... PE a bt 5 Es A See ERE Loe eet Feb. 8 30, 794. 12 10, 000, 00 
1 ee, pea Oia vhsweptidoduwe ip peiaaxeveeeere <> & £00 foccc GUS et usck bab erkebUesemtane henna Feb. 5 14, 370. 52 5, 000, 00 

1 Canceled. 


2 Modified agreement. Amounts given are increases over those given in the original agreement. 
8 Modified agreement. Amounts given are decreases over those given in the original agreement. 
4 Decrease in mileage. 
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PROJECT AGREEMENTS EXECUTED IN FEBRUARY, 1921—Continued. . 
| | | Project 
cee | County ae am Type of construction. | i Estimated cost.) Federal aid. 
| signed. | 
- Fe ae = ! a os 
Bence Wi | Diaviieltty <2 cc nectoecucwa cckanwicews sel ywdbawita ve fewah Al O'encncocpataiho aac oe eer Ss 0 0c 
ee | LMIO DOE eo coe eek een 8sec tSscaeb eases bce ecmeas, Bituminous macadam..............-|--- Gitex; 2 452. 61 2 226. 30 
DO i) MOTIATE 0 su cBes minens sree nterwdials awinecien wnt GAVEL 5 a hes odes nes Pees |-2-d0s» «. 2 242. 56 2121. 28 
ores Viddler 2c to Ms ee acct ass enews 9.796.) Rarth. .-. 2520. ©s0c.ads oe ae | Feb. 28 43, 615. 26 21, 807. 63 
oy acs ee: ee ee et ee eee pha tin ed Rak oak aio deen peels ne: 8 ig by Sree 
Bes ee ee apn Aa me 1c Rl re, yy 8: |: er ele Oe PE RE oe ofa yee Ue ' . OF 
BO: SHA DOT ANG NO WLGN w= mucncsuiran stm ao anol arene etie ah ame AUS. ds ane sawp els ae Ne WALA «ai 2 6,675.18 23,337. 59 
BE ORT sees xrewasiniees vv ecinnmm ge Kebs sel bokeuneer ih kel amis te ea REE SRE Sa Me ETS h. xt0Onia 23,919. 55 21,959. 78 
NTE, A eS Bela oF Slr Way | A hie oe 2, dace nae ere ea ee eft webs 21,479. 71 10, 739.85 
at's Ey CCR oo sic acura wine ic eae. tes te we ee GUAVOl wan acewins sist eae eee Feb. 2 ? 25, 249, 92 12,624. 96 
aN ean eet: en tate Meadt pied M0. tak, axe e ee: Feb. 19 210, 590. 12 2 5, 295. 06 
YB gb rc, ne Seg. See ee la reaieelee, ran atten: Os Fic tacncune petessnnaleee: Feb. 1 2 8, 258. 66 2 4,129. 33 
Mie WR IDRUE ous ana nas og adonwwe ae aeeee th ee eae cate GS igen cha kneels ae teeta: | Feb. 2 2 8, 896. 36 2 4, 448,18 
Ol) ROOGHOVOIE i. Suis nan note tee nls WE ee BLA R6 oad nok oncom saa ai oe lastiO Jas. 18, 557, 00 9, 278. 50 
90 |) Wisthog . cis deka caannnn oon Ae eC Oe ams Be ie Rae” a > FL ae = MG sss 20, 411. 76 10, 2.5. 88 
S34 { Resabtd «2. ~4cedckeeuaees wie eee eee ae Ons < tied du% om ax a. ke TREE ee Feb. 1 3 6,178. 80 2 3,089. 40 
195 |) Sovroet: GrSS cn. 5 cca Peace tues eee eee Br ogists. oo ok Ae oa eemetey Feb. 16 16, 562. 15 8, 281.07 
120 | Stiliwakers ...:5_be+eceeeea eases oe 160 |) Siaeth cee cae eek. eee Feb. 10 32, 368. 36 16, 184.18 
1943] YollowsboniGase 07 eek wb senitevee Beat | GYAVRLGS A. «ob oc cetek cs 2a ee ce Feb. 2 39, 484, 58 19, 742, 29 
ae M2 | LOUD oso ecard persia dha nie = aden eteed pte s a lr eee ee oUt oe aU Oat ee ee ee aes 2 32,061. 91 2 16, 030. 96 
Pd | 6 | White Ping. nas tc: anode Ma au tele cies eel | TA YAl Sy ce cota. Cee Ricker 211, 757. 59 2 5,878. 79 
1% |) DOUBESS. «255 ics wiwecin> oa alee es ee eee eaatemees Ed ere hare nrciiue comk arate ees Feb. 16 213,770. 75 2 6, 885. 37 
DOA | Washoe... o.ciccwcneen sc cde CGO UL Conicrate occ c Bon co eee ee dain. 2 41,674.39 21, 942. 36 
85 ft CRATES | noe ns maa seh a tinal 6 wend een Ce WIPO ae noe oe aro ktn'u os et ee te cc Ts Sage 7,491. 00 3, 745. 50 
sg 182 | Strafford. 53 thesis slew eee OBA TSTA VOR oie Meena uma cbse pan teal Sea mor 9, 981. 20 4, 990. 60 
at! G8 FOUNSLOR.. 5 a5. n cir aes Sniaxn < 4a Ewe |e wae eee PODSOIE Ss wae lak we ke cease SOE, Feb. 65 21,526. 25 2 763.13 
2h Urea on oT. Le aca ere 20.022 | Concrete base, bituminous top. ..... Feb. 12 2 28, 823. 96 2 440, 00 
We) ASH 4 ts oie ee erk te eee B72 1 TO BSOL on Sunt Sede: os =..2045 See Feb. 2 158, 913. 16 79, 956. 58 
82) Davidson ss cp. teste nnawata dees 4. SBE | scans Pre eS eee do.... 62, 454. 75 31, 227. 37 
gxB | McDowoll,..c..0..scchc, 4.8 eee 6.425 |..... Adccaockackere. nena nen Lae ddscs: 109, 659. 49 54,829. 74 
OOTF II Chiathani. (3. cst .2 so ee eee Ie | Ree Wat cases oe. Cee eee Feb. 21 259,931.59 | 129,965.79 
YOLA | Randolph... 5.5 .dascncce.n eee 10,040, G02. 4 Ce Sea Sn RE OT a Feb. 12 123, 893. 99 61, 946. 99 
107 |, Madison 2 « ad.ccseeacs sae ee ee Pe ABO Vertes DO ism senna mob en tea Rok sind (Ty eee 70, 910. 40 35, 455. 20 
| 117" |) WER sexed «cc 0c. aoe Te oe Ud:c- bacon ceeth eeeee ee Oe Feb. 12 41, 828. 93 20, 914. 46 
bre) eee a Le ee ne S Seb OTM ol a 1. O20 leony aa wuts sek wiwietat Rd ooh. cee eee Feb. 15 49, 218. 94 24, 609. 47 
ee 20 | WOlls 4s oan cee eee aoe 50 235} Gree toe sant eee a vee Heb. 1 2 82, 258. 99 2 41,199. 50 
96): DARIO oie ceed conn hats ¢. een Le ee EGQTiD soo wneen astacd en cane eanees hae do... 2 5, 893. 58 2 2’ 946.79 
Bb 1 Shurkanians sco e sede anion eee 5.980 |..... WO: eee cea See hea Tae do.... 39, 636. 33 19,818. 16 
BO: | Richigngd. co.cc saceeenk.oc en eee 14. 430 |..... WO, cS ane nad ceow emcees eee Feb. 24 67, 135. 26 33, 567.63 
| 62:1 Mokaminz,...c icon.) een eae 9.970 |..... * CRIA aes har. GA Mi Feb. 1 72,030. 11 36,015. 05 
TBA. | Divides -c,72.cctes eisai HO O50 fl. st. tO.c2 o.eGees norte, sae eae Feb, 23 71, 110. 63 35,555.31 
100.) Morton:aud! Burley.c.cc.2. oc. Scone eet eee DEMIR cp case ce $8 he a uo Lee Feb. 17 2 316,871.90 | 2158,435.95 
ee % retore ere ee ree 2 a stp CCR erate clases ae ects tenes takin d oa Hebe. bet 21 rie ie ts ‘7 336. 16 
al 6B at OY nis ical wim ol we © mee ao Pea paiet eerie a leet ore erect aeuire OC dnekskswe 6 cs ee ae eee Fee Cen, eo eee . ° 
17 | Canadian and Grady.................... wee leee ee aoe bes eins do... 26,340.57 23°10: s 
ifn BS | SIBEODY 2 2.5 gosh Se eure toca Bayh 10.460 | Broken stone... 20262. <cc0eeewnwack’s Feb. 14 168, 107. 50 74, 053.75 
am: RS. US ooo cone vie ae oxen A +0 2.688 | Reinforced concrete................. Feb. 15 273, 512.98 53, 760. 00 
avis B84 QCONGB S tesinn an Be naweecins anode thaws Robbe) wl GpeOllss was oak ere ie Feb. 4 49,714. 64 24, 857. 32 
oth Sc COs eee eee eae PS 15.136 | Concrete or asphalt concrete......... Jan. 31 147, 062. 71 73, 531.35 
BEAL OR SON «sca os csc nae ee en S019") TonsOH..3. 2. oo. ceed ee eee Feb. 17 45,323.68 22,661. 84 
meas re ee nda pap hays Geet en Sera nsnslanysamlixeeys uIeTes +k remaavnade 6 aman Ske MMOS 2 th oR. 1 fester, aE phic rs 
Bl Modi taccae cscs cs. ae ot, Ae eon eee ERAT Site Ee A Feb. 5. 2 4) 432. 64 22/916. 39 
I I SRK as oot nie, 5, Aa ee a dO. ssecepinnanzzcnp scusatinee en, 2) S08 400se) eon fur a 
19 # Minhtiisha,.2 o-oo 20.863 | Gravel and concrete..... ee ee ---d0....; 7 161,729.58 2 73, 356. 55 
— a Y, Moors and Bediord. > 2.2.0 6 —ado sande eee ae Macadam and gravel................ Feb. 11 2 87,037. 07 2 43,518. 53 
Ee ERnox So race too et eee ae 12.760 | Bituminous macadam............. Feb. 8 427,024.76 213,512.38 
| ig} Bhalty sce. ; coche te. ea, ee ee oa 86 ah cnc i 2k Feb. 25 237,715.42 | 214,330.85 
Ball ss WeERD FON TLat eal oe ee 8.710 | Gravel. <20200. IIIT) Feb. 21) 68,669.06 | 34,334.53 
| 167 | Lamiesinne.<- 3.2 oe ee Poe yi a eee OG, . croc wee otes bon an a eee do... 390, 543. 83 59, 400. 00 
| LT") BOY Sins canara rxaseneeh eae aeds RZ, OB0W IPOT UD a sins on sa manic eared Ere ---d0.... 63, 877. 89 30, 000. 00 
1808 "|| Ban, Pattioloncsss cccs.ariecansjdu lO. 15.060 | Gravel on shell base................. Feb. 14 178, 352. 58 84, 000. 00 
Le 301. | Millen: 20. ae Seen seg toe eee 5.710 | Gravel......0c.e......, Pn 33,541.57 16,770.78 
1904. ||) Stephens. 29 nh. eeehy acer eee lee 2. wae. Bridge watuscishiae hs eae Feb. ii 77, 698. 29 38,849. 14 
Pig? ANF | Rory: cee Be ok ee eee (850 | earths cc ac antec. cc ee ee Feb. 15 38, 086. 77 19, 043, 38 
cd Gi | Retinkdint, <5. cy ee eI eee ol, ee dle Water-bound macadam............. Feb. 24 2 §, 382. 74 22’ 691.37 
ee 80.)| Rockingham... ges ouc fetes cl bot eeee TOSI fos siaa's oh vue Feb. 3 2 3° 328, 95 21’ 664. 48 
BB fy ALOT INO sass oy oka bin manseteny 5 onl eae aes Water-bound macadam.............| Feb. 2} 3 7, 490. 23 8 3) 745, 12 
| doe | JD WHE oes oas ape ee oese 6.400 | Topsoil and gravel.................. Feb. 4 | 65, 939. 00 32, 969. 
i8 |. Arlington «..2.0.. Gok saaea rede 1.704 | Coneréte.........-...0-ssseccccsssefeeeQO-ce--] 74,983.62] . 34,558. 
IGS.) Hlonricot.2.coed es. -week eva eee.. 3.260 | Bituminous concrete................/--- dO. 100, 308. 23 50, 154. 
ey S21 Htevens......<caccccac.. aceaeneee 5 SM te Ly Sra yal arate ee Feb. 19 219,541.94] 2 10,200 
BS fy Citar tid ow aun Beceac son eee, Iam Crushed tock........... see Feb. 15 23'167.01| 227000. 
81 | Skamaniaand Klickitat............ O. 170 |) Barth: cee ee ee Feb. 3 29) 371. 76 3° 400. 
Ro | Kittitas: os ey, ee 1,280 |..... db. nee wee Feb. 25 65, 414. 36 25, 600 
wud 15 |) Masort... cacueeseedes eee eee caaeeie #1, 650 | Coteretec tq .n.s00.4 2, eee eee Feb. 26 32) 817. 25 ; 
| OT fh SOb nec ckae eco ee ee EE tna Aa ae AG a Lt ant Feb. 9 2790.00 | 24,395.00 
| BRE | Ploasarites2 cua. cso nate eae 1.890 | Barth..000 00000 |e donee,-| 27,000.00 6,290. 00 
OF.)  OLKOLOK, cntroorn EPS eee Oe dh o tele Bituminous macadam............... Feb. 19 2 31, 160. 00 2 15, 580. 00 
| BO |, ogni ms uct cea See ee 2.460 | Earth....... Feb. 18 68,931.10] 34,465.55 
1)? AO7S.W) Miargentt 5258 con eee aalteseee 3: 710|..,5. Oven ord kcbSomia ee do... 44, 309, 50 22) 154. 75 
ame SD} Cineedts si aiekas acnesdh ican ANB ara 1/435 occa Divoncech ee ee Feb. 15| 2 257,231.67 | 2 77°910.75 
Be 1) ROKR «with comet ieee ee 20.950 |..... BO chen ercts tA ee do 2 16,049. 55 27” 130, 60 
£36 || POI AS tinece Seco cs Ghee 9,380 |. 000. dOccotsestn et ee Tw do. 45,060. 95 19, 060. 95 
120) |) MarinGtte . cn scng 207 cceeee sneer ws i ee NO: 222i dase ake a a 72, 020. 52 33, 332. 70 
| 146 fh VININGS nc scecesscohowwena kul Paee eee? b:600.| Gravel, hcg Feb. 15 55, 296. 63 19, 000. 00 
166 ||: Laviglade. eons eee end orente ehh TeBIG || Barkin dy unethical 54, 397. 16 19, 709. 30 
| ACS) ASDIANG ie Gian § acne wees eneneens 5.980 | Earth and sand-clay................ Feb. 19 41,720. 14 14, 110. 07 
sees) 86 | JOHNSON....-. 22-6. ee-eeeeenen eee ee 20.152 | Selected material.................+-. Feb. 8 2 6, 891. 50 23,445.75 
Le | WRG Wosaktas 5 cnacenecevowicaa pane NUMOMR stead Brlb labo vnapui meee RENE Ok do....-| 6,102.25] 3,051.12 
129 | GOSHEN «de rowncviercag tions ohioens fered 3.270 | Selected material....................\... do.....! 142, 038. 82 71, 019. 41 
| 06 | Wasdale. - cn <cawnnensvennstemcnns Py oY Be Fd oe mC Tae 4 A Ce ee domi 40, 269. 46 20, 134. 73 





Amounts given are increases 
Amounts given are decreases 


O 








over those givén in the original agreement. 
over those given in the original agreement. 












































ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


Applicants-are urgently requested {0 ask only for those publications in which 
they are particularly interested. The Department can not undertake to supply com- 
plete sets, nor to send free more than one copy of any publication to any one person. 
The editions of some of the publications are necessarily limited, and when the Depart- 
ment’s free supply is erhausted and no funds are available for procuring additional 
copies, applicants are referred to the Superintendent of Documents, Governmen. 
Printing Office, this city, who has them for sale at a nomina: price, under the law of 
January 12,1895. Those publications in this list, the Department supply of which ts 
ethausted, can only be secured by purchase from the Superintendent of Documents, 
who is not authorized to furnish publications free. 


REPORTS 


*Report of the Director of the Office of Public Roads for 1917. _ Ge. 
Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 
Report of the Chief of the Bureau of Public Roads for 1920. 


DEPARTMENT BULLETINS, 


Dept. Bul.*105. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1913. 5c. 
*136. Highway Bonds. 25c. 
220. Road Models. 
*230. Oil Mixed Portland Cement Concrete. 10c. 
*249. Portland Cement Concrete Pavements for Coun- 
try Roads. 15c. 
257. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1914. 

314. Methods for the Examination of Bituminous 
Road Materials. 

347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 
*348. Relation of Mineral Composition and Rock 
Structure to the Physical Properties of Road 
Materials. 10c. 
*370. The Results of Physical Tests of Road-Building 
Rock. 1dc. 
*373. Brick Roads. 15c. 
386. Public Road Mileage and Revenues in the 
Middle Atlantic States, 1914. 

387. Public Road Mileage and Revenues in the 
Southern States, 1914. 

388. Public Road Mileage and Revenues in the New 
England States, 1914. 

*389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. 15c. 

390. Public Road Mileage in the United States, 1914. 

A Summary. 

*393. Economic Surveys of County Highway Improve- 
ment. 305c. 

407. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1915. 

414. Convict Labor for Road Work. 

*463. Earth, Sand-Clay, and Gravel Roads. 15c. 

532. The Expansion and Contraction of Concrete and 

Concrete Roads. 

*537. The Results of Physical Tests of Road-Building 
Rock in 1916, including all Compression Tests. 
oc. 

555. Standard Forms for Specifications, Tests, Re- 
orts, and Methods of Sampling for Road 
aterials. 

583. Reports on Experimental Convict Road Camp, 

Fulton County, Ga. 
586. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1916. 

*660. Highway Cost Keeping. 10c. 

670. The Results of Physical Tests of Road-Build- 
ing Rock in 1916 and 1917. 

*691. Typical Specifications for Bituminous Road 
Materials. 15ce. 

704. Typical Specifications for Nonbituminous Road 

Materials. 

*724. Drainage Methods and Foundations for County 

Roads. 20c. 


*Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 1918. - 


*Public Roads, Vol. II, No. 23. Tests of Road-Building Rock 
in 1919. 15c. 


DEPARTMENT CIRCULAR. 
No. 94. TNT as a Blasting Explosive. 







FARMERS’ BULLETINS, 


F. B. *338. Macadam Roads _ 5c. 
505. Benefits of Improved Roads. 
597. The Road Drag. 4 
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27. Design of Public Roads. 
39. Federal Aid to Highways, 1917. 


OFFICE OF PUBLIC ROADS BULLETINS. 


Bul. *45. Data for Use in Designing Culverts and Short-span 
Bridges. (1913.) 1c. 


OFFICE OF PUBLIC ROADS CIRCULARS. 


Cir.*89. Progress Report of Experiments with Dust Preventa- 
tives, 1907. 5c. 
*90. Progress Report of Experiments in Dust Prevention, 
Road Preservation, and Road Construction, 1908. 5c. 
*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. dc. 
*94, Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 
*99. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1912. 5c. 
*100. Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges. (1918.) 5c. 


OFFICE OF THE SECRETARY CIRCULARS. 


Sec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
*52. State Highway Mileage and Expenditures to Janu- 
ary 1, 1915. 5c. 
59. Automobile Registrations, Licenses, and Revenues 
in the United States, 1915. 
63. State Highway Mileage and Expenditures to Janu- 
ary 1, 1916. 
*65. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Aid Road Act. 


dC. 
*72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 


“sf 
73. Automobile Registrations, Licenses, and Revenues 
in the United States, 1916. 
74, State Highway Mileage and Expenditures for the 
Calendar Year 1916. 
*77, Experimental Roads in the Vicinity of Washing- 
. ton, D.C. 5c. 
Public Roads Vol. I, No. 1. Automobile’ Registrations,  Li- 
censes, and Revenues in the 
United States, 1917. 
Vol. I, No. 3. State Highway Mileage and Ex- 
penditures in the United States, 
1917. ; 
*Vol. I, No. 11. Automobile Registrations, Li- 
censes, and Revenues in the 
United States, 1918. 165e. 
*Vol. II, No. 15. State Highway Mileage and Ex- 
penditures in the United States, 
1918. 1de. 
Public Roads Vol. III, No. 25. Automobile Registrations, 
Licenses, and Revenues in the 
U.S. 1919, 
Public Roads Vol. III, No. 29. State Highway maiieage 
| 1919. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 


Vol. 5, No. 17, D-2. Effect of Controllable Variables Upon the 
Penetration ‘Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D-3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 20, D-4. Apparatus for Measuring the Wear of Con- 
crete Roads. 

Vol. 5, No. 24, D-6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 6, No. 6, D-8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs under Concentrated 
Loading. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 


Vol. 11, No. 10, D-15. Tests ofa Large-Sized Reinfcrced-Concrete 


Slab Subjected to Eccentric Concen- 
trated Loads. 

o. 4, D-16. Ultra-Microscopic Examination of Dis- 
erse Colloids Present in Bituminous 
oad Materials. 
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